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Description

[0001] As a consequence of side effects associated with current oral pharmacological agents, there continues to be
a need for the development of alternative therapies for the treatment of pain.

[0002] Cannabinoid receptors CB,and CB,belongtothe class of G-protein-coupled receptors (GPCRs). CB receptors
are expressed both centrally and peripherally while CB, receptors are predominately expressed peripherally, primarily
on immune cells and tissues.

[0003] Thepharmacological and therapeutic potential of the CB, receptor has beenreviewed recently (Br. J. Pharmacol.
(2008) 153, 319-334) identifying CB, as a therapeutic target for the treatment of pain, in particular, inflammatory and
neuropathic pain.

[0004] CB, agonists, in particular CB,-selective agonists, provide a target for treating pain with limited centrally me-
diated side effects.

[0005] WO 2004/037823is directed to purine compounds and use thereof as cannabinoid receptor ligands, in particular
as CB, receptor antagonists.

[0006] The present invention provides a compound of the formula:

T4
[Nj/Rs
N
Nl N
/I\ /
R’ N

wherein;

R is selected from H, F, CI, C4-C, alkyl, CF5, cyclopropyl, OCH3, OCF3 and CN;
R2 is selected from tetrahydrofuranyl, tetrahydropyranyl, azetidine-1-carboxylic acid methyl ester and tetrahydrothi-
ophene-1,1-dioxide;

R3 is H or combines with R4 to form a fused pyrrolidin-2-one;

R4 is selected from C4-C, alkyl, C4-C, fluoroalkyl, cyclopropyl and COCHj;

R5 is selected from H, CH3 and CF3;

nisOor1;

X1 and X3 are independently selected from N, CH and CRS;

X2 is selected from CH and CRE;

with the proviso that only one of X!, X2 and X3 may be other than CH;

R6 is selected from F, Cl, CF3, OCH3 and OCF;

or a pharmaceutically acceptable salt thereof.

[0007] The compounds of the present invention have been found to be agonists of the CB, receptor in vitro. Preferred
compounds of the present invention exhibit greater potency than existing CB, agonists. More preferred compounds of
the present invention are CB,-selective agonists. Most preferred compounds of the present invention exhibit greater
CB,-selectivity than existing CB, agonists.

[0008] The presentinvention provides a pharmaceutical composition comprising a compound of the present invention,
or a pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable diluent or carrier.

[0009] The present invention provides a compound of Formula I, or a pharmaceutically acceptable salt thereof, for
use in therapy. The present invention also provides the compound of Formula |, or a pharmaceutically acceptable salt
thereof for use in the treatment of pain, in particular osteoarthritic pain. In another aspect of the present invention, there
is provided the use of the compound of Formula |, or a pharmaceutically acceptable salt thereof, for the manufacture of
a medicament for the treatment of pain, in particular osteoarthritic pain.
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[0010] The presentinvention provides a pharmaceutical composition for use in therapy comprising a compound of the
present invention, or a pharmaceutically acceptable salt thereof. The present invention provides a pharmaceutical com-
position for use in pain, in particular osteoarthritic pain, comprising a compound of the present invention, or a pharma-
ceutically acceptable salt thereof.

[0011] It is preferred that the compounds of the present invention be used in the treatment of pain, in particular
inflammatory pain, more particularly joint pain, most particularly osteoarthritic pain.

[0012] A preferred species of the compounds of the compounds of the present invention are compounds of the formula:

1)

or a pharmaceutically acceptable salt thereof, wherein R1, R2, R4, X1, X2 and X3 are as defined herein.
[0013] A preferred species of the compounds of the compounds of the present invention are compounds of the formula:

R
I
@
N R!
N
jon
H,C™ TN N
2
R".
(117)

or a pharmaceutically acceptable salt thereof, wherein R1, RZ and R4 are as defined herein.
[0014] Certain classes of compounds of Formula |, Il or lll are preferred. The following enumerated selections describe
such preferred classes:

1) R'is Cl, C4-C, alkyl, CF5, cyclopropyl or OCFj;
2) R'is Cl, methyl or ethyl;
3)Rlis Cl;
4) R2 is tetrahydrofuranyl or tetrahydropyranyl;
5) R2 is tetrahydrofuranyl;
6) R2 is tetrahydropyranyl;
7)R3is H;
8) R4 is C4-C, alkyl, C4-C, fluoroalkyl or cyclopropyl;
9) R4 is methyl, ethyl, 2-fluoroethyl or cyclopropyl;

0) R4 is methyl or ethyl;

1

1
11) RS is CHy;
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12) X1, X2 and X3 are independently selected from CH and CR8 where R8 is selected from CI, CF4, OCH5 or OCF3;
13) X1, X2 and X3 are CH;

14) nis O;

15) R3is H and R%is CHj;

16) R'is Cl, methyl or ethyl; and R# is methyl, ethyl, 2-fluoroethyl or cyclopropyl;

17) R1is Cl, methyl or ethyl; R2 is tetrahydrofuranyl or tetrahydropyranyl; and R4 is methyl, ethyl, 2-fluoroethyl or
cyclopropyl;

18) R1is ClI; R2is tetrahydrofuranyl or tetrahydropyranyl; and R* is methyl, ethyl, 2-fluoroethyl or cyclopropyl;

19) R1is CI; R2is tetrahydrofuranyl or tetrahydropyranyl; and R4 is methyl or ethyl;

20) R1is Cl; R2 is tetrahydrofuranyl or tetrahydropyranyl; and R4 is methyl or ethyl; X1, X2 and X3 are independently
selected from CH and CR® where R is selected from Cl, CF4, OCH5 or OCFs.

[0015] Pharmaceutically acceptable salts of each of the compounds of the present invention are contemplated within
the scope of the present application.

[0016] Preferred compounds ofthe presentinventioninclude 8-(2-Chloro-pyridin-3-yl)-2-methyl-6-(4-methyl-piperazin-
1-y1)-9-(R)-tetrahydro-furan-3-yl-9H-purine; 2-Methyl-6-(4-methyl-piperazin-1-yl)-9-(tetrahydro-pyran-4-yl)-8-(2-trifluor-
omethyl-phenyl)-9H-purine; 2-Methyl-6-(4-methyl-piperazin-1-yl)-9-(R)-tetrahydro-furan-3-yl-8-(2-trifluoromethyl-phe-
nyl)-9H-purine; 2-Methyl-6-(4-methyl-piperazin-1-yl)-9-(R)-tetrahydro-furan-3-yl-8-o-tolyl-9H-purine; 8-(2-Chloro-phe-
nyl)-2-methyl-6-(4-methyl-piperazin-1-yl)-9-(S)-tetrahydro-furan-3-yl-9H-purine; 8-(2-Chloro-phenyl)-2-methyl-6-(4-me-
thyl-piperazin-I-yl)-9-(R)-tetrahydro-furan-3-yl-9H-purine; ~ 8-(2-Chloro-phenyl)-2-methyl-C-(4-methyl-piperazin-1-yl)-
9-(tetrahydro-pyran-4-yl)-9H-purine; and 8-(2-Chloro-phenyl)-6-(4-ethyl-piperazin-1-yl)-2-methyl-9-(tetrahydro-pyran-4-
ylmethyl)-9H-purine; or a pharmaceutically acceptable salt thereof.

[0017] As used throughout this specification it is to be understood that where a group is qualified by "defined herein"
or "herein defined" that said group encompasses the first occurring and broadest definition as well as each and all of
the particular definitions of that group.

[0018] As used above and throughout the description of the invention, the following terms, unless otherwise indicated
will have the following meaning:

As used herein the term C4-C, alkyl refers to methyl or ethyl,

As used herein the term C4-C, fluoroalkyl refers to a C4-C, alkyl group as defined herein, wherein one or more
hydrogen is replaced by fluorine and includes, trifluoromethyl, 2-fluoroethyl, 2,2-difluoroethyl and 2,2,2 trifluoroethyl.
A preferred C4-C, fluoroalkyl group is 2-fluoroethyl.

[0019] As used herein the term "pharmaceutically acceptable salt" refers to salts of the compounds of the present
invention which are substantially non-toxic to living organisms. Such salts and common methodology for preparing them
are well known in the art. See, e.g., P. Stahl, et al., Handbook of Pharmaceutical Salts: Properties Selection and Use,
(VCHA/Wiley-VCH, 2002); and J. Pharm. Sci. 66, 2-19 (1977). Preferred pharmaceutically acceptable salts are hydro-
chloride and phosphate.

[0020] Embodiments of the invention include the examples provided herein, and although the example provided may
be of one chiral or conformational form, or a salt thereof, further embodiments of the invention include all other steroi-
someric and or conformational forms of the examples described, as well as pharmaceutically acceptable salts thereof.
[0021] As used herein the term "CB,-selective agonists" or "CB,-selectivity" refers to compounds having greater
potency at CB, than CB. Preferred compounds of the present invention exhibit > 100 fold CB,-selectivity. More preferred
compounds of the present invention exhibit > 500 fold CB,-selectivity. Most preferred compounds of the present invention
exhibit > 1000 fold CBy-selectivity.

[0022] The compounds of the present invention are preferably formulated as pharmaceutical compositions adminis-
tered by a variety of routes. Preferably, such compositions are for oral administration. Such pharmaceutical compositions
and processes for preparing same are well known in the art. See, e.g., Remington: The Science and Practice of Pharmacy
(A, Gennaro, et al., eds., 19th ed., Mack Publishing Co., 1995).

[0023] The following Schemes, Procedures and Examples are provided to better elucidate the practice of the present
invention. Suitable reaction conditions for the steps of these Schemes, Procedures and Examples are well known in the
art and appropriate modification of reaction conditions, including substitution of solvents and co-reagents are within the
ability of the skilled artisan.

[0024] Furthermore, the skilled artisan will appreciate that in some circumstances, the order in which moieties are
introduced is not critical. The particular order of steps required to produce the compounds of Formula | is dependent
upon the particular compound being synthesized, the starting compound, and the relative lability of the substituted
moieties, as is well appreciated by the skilled chemist. The skilled artisan will appreciate that not all substituents are
compatible with all reaction conditions. These compounds may be protected or modified at a convenient point in the
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synthesis by methods well known in the art.

[0025] Suitable protecting groups include those described in T.W. Greene, "Protective Groups in Organic Synthesis",
John Wiley and Sons, New York, N.Y., 1991, hereafter referred to as "Greene". Greene indicates appropriate conditions
for "protection" and "deprotection" of suitable protecting groups to be used by the skilled artisan.

[0026] The intermediates and final products of the present invention may be further purified, if desired by common
techniques such as recrystallization or chromatography over solid supports such as silica gel or alumina.

[0027] The names for the compounds of the present invention are generated using AutoNom 2000.

[0028] Abbreviations used herein are defined as follows: "Brine" means a saturated aqueous sodium chloride solution;
"BSA" means bovine serum albumin, "DDQ" means 2,3 dichloro-5,6-dicyano-1,4 benzoquinone; "DMEA" means N-
Ethyldimethylamine; "EDTA" means ethylenediaminetetraaceticacid; "EtOH" means ethanol; "GCMS" means gas chro-
matography-mass spectrometry; "GDP" means guanosine diphosphate; "HEPES" means 4-(2-hydroxyethyl)-1-pipera-
zineethanesulfonic acid; "IPA" means 2-propanol; "IPAm" means 2-propylamine; "L.R." means limiting reagent; "MeOH"
means methanol; "PTSA" means para toluenesulfonic acid; "SCX" means a silica based strong cation exchange resin
column, disposable cartridge or equivalent; "SFC" means supercritical fluid chromatography.

Scheme A
Cl cl
N Nz RECHINH, A NH,
5/]\ “ B s/l =
R N™ Cl ase R N I}IH
(a) 2/(CH2)n
(b)

[0029] The starting pyrimidine (a) is reacted with an appropriately substituted amine and a suitable base such as
diisopropylethylamine or triethylamine in a suitable solvent such as isopropanol at elevated temperature to provide
compound (b).

Scheme B
R R Br
—X\1 2 2 _X‘1 2 S H —X\1 2
Br \ Xg( H \ Xéx o \ xs
(c-i) (c) (c-ii)

[0030] The starting bromide (c-i) is reacted with a strong base such as n-butyl lithium at reduced temperature and
N,N-dimethylformamide in a suitable solvent such as anhydrous diethyl ether to provide compound (c).

[0031] Using Suzuki coupling conditions the starting aldehyde (c-ii) is reacted with a boronic acid derivative of R1, a
suitable catalyst such as (1,1'-bis(diphenylphosphino) ferrocene)palladium(ll) chloride or Pd(OAc), and a suitable base
such as cesium fluoride in a suitable solvent such as 1,4-dioxane or toluene at elevated temperature to provide compound

().

Scheme C
Cl . R! Cl !
SN NH2 o) —X1 N R x1
)Nl\ N \X2 — N| X \ - >(2
R’ _N/ I}IH H \ X3 RSJ\N/ l}l \ Xé
(CH,), (CH,),
Rz/ 2 (C) Rg/ 2
(b) (d)

[0032] The starting pyrimidine (b) is reacted with aldehyde (c) (where X'-X# is independently selected from CH and
CR®) and a suitable acid such as p-toluenesulfonic acid or 15% ferric chloride on silica in a suitable solvent such as 1,4-
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dioxane or toluene at elevated temperature. The reaction mixture is filtered and concentrated before reacting with DDQ
in a suitable solvent such as dichloromethane at reduced temperature to provide purine (d).

[0033] The starting pyrimidine (b) is reacted with aldehyde (c) (where one of X'-X4 is N) and a suitable acid such as
p-toluenesulfonic acid in a suitable solvent such as toluene at elevated temperature. The reaction mixture is filtered and
concentrated before reacting with thionyl chloride at elevated temperature to provide purine (d).

General Procedure 2-1:

[0034] Heat a mixture of pyrimidine (b) (1.0 equiv., L.R.), aldehyde (c) (2.0 equiv.), and 15% ferric chloride on silica
(200 wt.%, based on L.R.) in 1,4-dioxane to 100°C for 16 hours. Cool and filter off the silica through diatomaceous earth,
concentrate the filtrate under reduce pressure to give the residue. Dissolve the residue in dry dichloromethane and add
DDQ (1.0 equiv.) at 0°C. Allow to warm to room temperature with stirring. Upon reaction completion, dilute the reaction
mixture with dichloromethane, wash with 15% aqueous sodium hydroxide, water, and brine. Dry the organic layer over
anhydrous sodium sulfate, filter, and concentrate under reduced pressure to give the residue. Purify the residue by silica
gel flash chromatography to give purine (d).

General Procedure 2-2:

[0035] Heat a solution of pyrimidine (b) (1.0 equiv., L.R.), aldehyde (c) (2 equiv.), p-toluenesulfonic acid (10 wt.%,
based on L.R.), and molecular sieves (200 wt.%, based on L.R.) in toluene at reflux for 16 hours. Cool and filter off the
molecular sieves through diatomaceous earth, concentrate the filtrate under reduced pressure to give the residue.
Dissolve the residue in dry dichloromethane and add DDQ (1.0 equiv.) at 0°C. Allow to warm to room temperature and
stir. Upon reaction completion, dilute the reaction mixture with dichloromethane, wash with 1N sodium hydroxide solution,
water, and brine. Dry the organic layer over anhydrous sodium sulfate, filter, and concentrate under reduced pressure
to give the residue. Purify the residue by silica gel flash chromatography to give purine (d).

General Procedure 2-3:

[0036] Charge a reaction vessel with the pyrimidine (b) (1.0 equiv., L.R.), aldehyde (c) (1.1 equiv.), toluene, and p-
toluenesulfonic acid monohydrate (0.05 equiv.). Stir at 100°C under nitrogen for 1 hour. Cool to room temperature, filter
over diatomaceous earth, and concentrate under reduced pressure. Next, to the crude oil (imine) at room temperature
under nitrogen add slowly thionyl chloride (neat/solvent). Stir at reflux for 30 minutes. Cool to room temperature and
concentrate under reduced pressure. Add toluene and remove twice under reduced pressure. Dissolve in dichlorometh-
ane and basify slowly with saturated aqueous sodium bicarbonate. Dry the organic layer over anhydrous sodium sulfate,
filter, and concentrate under reduced pressure. Purify by silica gel flash chromatography to give purine (d).

Scheme D
' 4
4 R
R s N R
Cl 1 N R
N T
= N 1
N N X\ N R
N\ 2 .
X N R =X
R N ( * B )l\ = ’ \ 'g(
,(CH,), ase RN N X
CH
(d) e O
(e)

[0037] The starting purine (d) is reacted with an appropriately substituted piperizine and a suitable base such as
triethylamine in a suitable solvent such as ethanol at elevated temperature to provide compound (e).
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Scheme E
4
R* D
f{j R N R
cl Br . [ ]/ [ j/
=X N
N AN N \ N Br
X 1
Rs)I\N/ N \ Xg( S B Nl)ﬁ:N»_tX:xz
t
,(CH,), Base Rs)\N/ N \ xX°
(c-i) e e

(e-))

zinc cyanide | catalyst

R4

1
N_ _R®

(J
1
NN _x‘z
|)I‘ X
Rs)\N/ N \X3

Rz/ECHZ)n
(e-ii)

[0038] The starting purine (d-i) is reacted with an appropriately substituted piperizine and a suitable base such as
triethylamine in a suitable solvent such as ethanol at elevated temperature to provide compound (e-i).

[0039] The purine (e-i) is reacted with zinc cyanide and a suitable catalyst such as Pd(PPh;), and a suitable solvent
such as N,N-dimethylformamide at elevated temperature to provide compound (e-ii).

Scheme F
4
R
N R
. 1 @l
4
NH R\ R N R
N7 2 O =X N R3 1
| X+ — NTYN =X
5 + N\ 4 [ ]/ | 3 NG
R*NZ NH H X A2 N\
(CH,) N RN X
2-(CHy), © H ,(CH,),

(b) (e)

[0040] The starting pyrimidine (b) is reacted with aldehyde (c), an appropriately substituted piperizine and a suitable
oxidant such as nitrobenzene or acetic acid in a suitable solvent such as methoxybenzene or dimethyl sulfoxide at
elevated temperature to provide compound (e).



10

15

20

25

30

35

40

45

50

55

EP 2 379 555 B1

Scheme G
R1 .
00 3 — Y
X
5)\ ’}‘H Ci \ Xé /k
RZ/(CHZ ) Rz/(CH
(b) 9
R
N_ _R®
Base [ j
N
H
4
R
N R
1
:Xz
5/'\ \ 3
R2/(CH
(e)

[0041] The starting pyrimidine (b) in a suitable solvent such as dimethylacetamide is reacted with an appropriately
substituted acid chloride (f) at reduced temperature to provide compound (g).

[0042] The pyrimidine (g) in the presence of an appropriately substituted piperizine and a suitable base such as
diisopropylethylamine in a suitable solvent such as isopropanol at elevated temperature and pressure to provide com-
pound (e).

Preparation 1:
6-Chloro-2-methyl-N*4*-(tetrahydro-pyran-4-yl)-pyrimidine-4,5-diamine

[0043]

[0044] Heat a solution of 4,6-Dichloro-2-methyl-pyrimidin-5-ylamine (0.008 mol, 1.5 g, 1.0 equiv.), 4-amino tetrahy-
dropyran (0.012 mol, 1.27 g, 1.5 equiv.), and N,N-diisopropylethylamine (0.0092 mol, 1.1 g, 1.1 equiv.) in 2-propanol
(80 mL) at 150°C in a sealed tube for 16 hours. Cool the reaction mixture to room temperature and remove the 2-propanol
under reduced pressure to give the residue. Dissolve the residue in dichloromethane and wash with water and brine.
Dry the organic layer over anhydrous sodium sulfate, filter, and concentrate under reduced pressure to give a residue.
Purify the residue on silica gel column eluting with dichloromethane: methanol 96:4 to give the title compound. MS (m/z):
243.41 (M+1).
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Preparations 2-12 in Table 1 may be prepared essentially as described in Preparation 1 using the appropriate amine
according to Scheme A.

[0045]
Table 1.
Prep. Structure Chemical name Physical
No. data
2 Cl
NH
N NS 2 MS
P 6-Chloro-2-methyl-N*4*(tetrahydro-pyran-3- (m/z):
N™ 'NH ylmethyl)-pyrimidine-4,5-diamine 257
3 Cl
NH
NT™ 2 MS
M 6-Chloro-2-methyl-N*4*(tetrahydropyran-4- (miz):
N° "NH ylmethyl)-pyrimidine-4,5-diamine 257
(M+1)
O
4 Cl
NH
N 2 MS
)l\ — 6-Chloro-2-methyl-N*4*-(R)-tetrahydro-furan-3-yl-pyrimidine- (m/z):
N™ 'NH 4 5-diamine 229
é o
O
5 Cl.
NTX N2 MS
/“\ — 6-Chloro-2-methyl-N*4*-(S)-tetrahydro-furan-3-yl-pyrimidine- (m/z):
N™ 'NH 4,5-diamine 229
G (M+1)
O
6 o]
NH
N N2 MS
)\N/ NH 6-Chloro-2-methyl-N*4*-(tetrahydro-pyran-4-yl)-pyrimidine-4,5- | (m/z):
diamine 243
(M+1)
0
7 Cl
NH,
N 6-Chloro-2-methyl-N*4*-(tetrahydro-furan-2-
/“\N/ o | yimethyl)-pyrimidine-4,5-diamine
N/\L)
H
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(continued)
Prep. Structure Chemical name Physical
No. data
8 cl
NTS MS
/[ _ 6-Chloro-2-methyl-N*4*-(tetrahydro-furan-3- (m/z):
N NH ylmethyl)-pyrimidine-4,5-diamine 243
(M+1)
O
9 Cl
N7 NH, MS
| 6-Chloro-2-methyl-N*4*-[(R)-1-(tetr ahydro-furan-2- (m/z):
/kN/ N/'"'n, @ yl)methyl]-pyrimidin e-4,5-diamine 243
H D (M+1)
10 Cl
NH MS
(N 2 6-Chloro-2-methyl-N*4*-[(S)-1-(tetrahydro-furan-2- (m/z):
/lN/ q o | yhmethyll-pyrimidine-4,5-diamine 243
H/\L7 (M+1)
11 Cl
N7 NH,
)I\ _ MS
N~ ~NH 3-(5-Amino-6-chloro-2-methyl-pyrimidin-4-ylamino)-azetidine- | (m/z):
b ' 1-carboxylic acid tert-butyl ester 314
N k (M+1)
c>‘é~\c’
12 Cl
N7 NH,
A e
N/' NH 6-Chloro-N*4*-(1,1-dioxo-tetrahydro-1lambda*6*-thiophen-3- (m/z):
yl)-2-methyl-pyrimidine-4,5-diamine 277
(M+1)
S$=0

Preparation 13:

2-Cyclopropyl-benzaldehyde

[0046]

6]

H

[0047] A 60 mL reaction vial is charged with 2-bromo-benzaldehyde (10.810 mmoles, 1.264 mL), cyclopropylboronic

10
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acid (14.053 mmoles, 1.207 g), potassium phosphate tribasic N-hydrate (37.834 mmoles, 8.031 g), tricyclohexylphos-
phine (1.081 mmoles, 303.139 mg), toluene (283.654 mmoles, 30.000 mL), and water (83.263 mmoles, 1.500 mL). The
mixture is then thoroughly degassed. Next, Pd(OAc), (540.482 pmoles, 121.343 mg) is added and the mixture is placed
under nitrogen and heated to 100°C. After 2 hours, cool to room temperature and dilute with ethyl acetate (50 mL) and
brine (50 mL). Dry the organic layer over anhydrous sodium sulfate, filter, and concentrate under reduced pressure.
Purify by silica gel chromatography eluting with hexanes: dichloromethane 20-50% to afford the title compound. TH NMR
(400.31 MHz, cdcl3): 10.57 (s, 1H), 7.78 (dd, J= 1.3, 7.9 Hz, 1H), 7.45 (td, J= 7.5, 1.3 Hz, 1H), 7.28 (t, J= 7.5 Hz, 1H),
7.09 (d, J= 7.9 Hz, 1H), 2.63-2.56 (m, 1H), 1.07-1.02 (m, 2H), 0.77-0.73 (m, 2H).

Preparation 14:
2-Cyclopropyl-pyridine-3-carbaldehyde

[0048]

o =N
H N\ 7/

[0049] A 40 mL reaction vial is charged with 3 mL of 1,4-dioxane and a stirbar. Degas with nitrogen for 5 minutes.
Next, the vial is charged with 2-bromonicotinaldehyde (645.134 pmoles, 120.000 mg), cyclopropylboronic acid (1.290
mmoles, 110.831 mg), and cesium fluoride (1.935 mmoles, 293.995 mg). The vial is then degassed again with nitrogen.
Next, (1,1’-bis(diphenylphosphino)ferrocene)palladium(ll) chloride (32.257 u moles, 26.342 mg) is added and the reaction
mixture is heated to 100°C under nitrogen. Upon reaction completion, the mixture is cooled to room temperature, filtered
over a pad of diatomaceous earth with ethyl acetate afford the title compound. GCMS (m/z): 146 (M).

[0050] Preparations 15-47 in Table 2 may be prepared using the appropriate substituted pyrimidine according to
Scheme C and using the appropriate general procedure 2-1 through 2-3 as outlined in Table 2.

Table 2.
Prep. Structure Chemical name Physical General
No. data Procedure
15 Cl cl
N7 N\ MS
P \ 6-Chloro-8-(2-chloro-phenyl)-2-methyl- |  (m/z): ot
N 9-(tetrahydro-pyran-4-yl)-9H-purine 363
@ (M+1)
O
16
Cl
N MS

6-Chloro-8-(2-cyclopropyl-phenyl)-2- (miz):

methyl-9-(tetrahydro-pyran-4-yl)-9H- 369 2-1

N
\
N .
@ purine (M+1)
0
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(continued)

Prep. Structure Chemical name Physical General
No. data Procedure
17 .

N
)Nl\ \>—©—o 6-Chloro-8-(2-chloro-4-methoxy- (r?]/'/‘:’)_
N/ N \ phenyl)-2-methyl-9-(tetrahydro-pyran- 393 ’ 2-1
b 4-yl)-9H-purine (e )
0]
18
NTXN MS
| N E 6-Chloro-8-(2-chloro-4-fluoro-phenyl)- (miz):
N/ N 2-methyl-9-(tetrahydro-pyran-4-yl)-9H- 381 ’ 2-1
O purine (M+1)
®)
19 FF
a
Q MS
N N 6-Chloro-2-methyl-9-(tetrahydro-pyran- (miz):
/]I\ P S 4-yl)-8-(2-trifluoromethoxyphenyl)-9H- 413' 2-1
N .
N purine (M+1)
O
20 cl F
o—~F
NTXN == F MS
I A\ 6-Chloro-2-methyl-9-(tetrahydro-pyran- (miz2):
/kN/ N \ / 4-yl)-8-(3-trifluoromethoxy-phenyl)-9H- 413 ’ 2-1
@ purine (M+1)
O
21
¢! cl
SN MS
P N 6-Chloro-8-(3-chlorophenyl)-2-methyl- |  (m/z): o
N 9-(tetrahydro-pyran-4-yl)-9H-purine 363
<\> (M+1)
@)
22
Cl o—
2N
)",\ \>_© 6-Chloro-8-(3-methoxyphenyl)-2- (r?:'/‘:’)_
N/ N methyl-9-(tetrahydro-pyran-4-yl)-9H- 359 ’ 2-1
b purine (M+1)
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(continued)
P,:lip. Structure Chemical name szast:al P(raoecneedrjrle
23 cl Cl F
N
)N'\/lj: \>——© 6-Chloro-8-(2-chloro-3-fluoro-pheny I)- (r?]/l/‘:’)_
N/ N 2-methyl-9-(tetrahydro-pyran-4-y 1)-9H- 381 ’ 2-1
b purine (M+1)
O
24 F F
Cl F
NI)\IN\ 6-Chloro-2-methyl-9-(tetrahydro-pyran- (r?f/j)'
)\ N/ N 4-yl)-8-(2-trifluoromethyl-phenyl)-9H- 397 ' 2-1
b purine (M+1)
O
25 F F
Cl E
NI ~ N\ 6-Chloro-2-methyl-9-(tetrahydro-pyran- (r?]/l/‘:’)_
/k N/ N 4-yl)-8-(3-trifluoromethyl-phenyl)-9H- 397 ’ 2-1
purine (M+1)
0O
26
Cl Cl
N N MS
/]I\ _ > 6-Chloro-8-(2-chloro-phenyl)-2-methyl- (m/z): 2.1
N N 9-(R)-tetrahydro-furan-3-yl-9H-purine 349
0
27
N N MS
/m _ N 6-Chloro-8-(2-chloro-phenyl)-2-methyl- (m/z): 2.1
N N_ 9-(S)-tetrahydro-furan-3-yl-9H-purine 349
O (M+1)
0]
28 Cl
NN MS
)l\ P P 6-Chloro-2-methyl-9-(R)-tetrahydro- (m/z): 21
N~ N furan-3-yl-8-o-tolyl-9H-purine 329
0

13
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(continued)
Prep. Structure Chemical name Physical General
No. data Procedure
29 /
Cl o
N7 N\ 6-Chloro-8-(2-methoxy-phenyl)-2- (r?]/'/‘:’).
)\\ I methyl-9-(R)-tetrahydro-furan-3-yl-9H- 345 : 2.1
N .
purine )
0]
30 F F
cl Y—F
R MS
NTX—N 6-Chloro-2-methyl-9-(R)-tetrahydro- (i)
I P furan-3-yl-8-(2-trifluoromethoxy- 399 : 21
/kN/ N phenyl)-9H-purine
%/\‘ (M+1)
O
3 FF
Cl E N
N N\ 6-Chloro-2-methyl-9-(R)-tetrahydro- (miz):
/& = furan-3-yl-8-(2-trifluoromethyl-phenyl)- 385. 2.1
N N 9H-purine
(M+1)
0]
32
Ci
NTX—N 6-Chloro-8-(2-cyclopropyl-phenyl)-2- (r?/i’)'
/“\ ~ methyl-9-(R)-tetrahydro-furan-3-yl-9H- 355' 2.1
N N purine
(M+1)
O]
33
Cl
N N\ 6-Chloro-8-(2-cyclopropyl-phenyl)-2- (r$1/|/§)-
/l Z~N methyl-9-(S)-tetrahydro-furan-3-yl-9H- 355' 2.1
N N .
2 purine )
G
34 cl o
NS 6-Chloro-8-(2-chloro-phenyl)-2-methyl- (rﬁ]"/‘:’)_
A p 9-(tetrahydro-furan-2-ylmethyl)-9H- 363. 2.1
N N purine
(M+1)
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(continued)
Prep. Structure Chemical name Physical General
No. data Procedure
35 Cl cl
NTX N\ 6-Chloro-8-(2-chloro-phenyl)-2-methyl- (r?]/l/‘:’)_
)I\N/ N 9-{[(R)-1- tetrahydro-furan-2-y)methyl]- 363 2-1
\,,,,,é Sfi-purine (M+1)
36 Cl cl
N™ X N\ 6-Chloro-8-(2-chloro-phenyl)-2-methyl- (r?f/j)'
)I\N/ N 9-[(S)-1.-(tetrahydro-furan-2-y|)methyl]- 363. 2-1
Laoj 9H-purine (M+1)
37 o] cl
N N\ 6-Chloro-8-(2-chloro-phenyl)-2-methyl- (r?/i’)'
/m P 9-(tetrahydro-furan-3-ylmethyl)-9H- 363 2-2
N purine
\\C'o (M+1)
38 Cl ci
N~ N\ 6-Chloro-8-(2-chloro-phenyl)-2-methyl- (r?/j)'
M, \ 9-(tetrahydro-pyran-4-ylmethyl)-9H- jsiy 2-2
N purine
\\C\ (M+1)
o]
39 Cl cl
N~ N\ 6-Chloro-8-(2-chloro-phenyl)-2-methyl- (r?/:’)'
)'\N/ N 9-(tetrahydro-pyran-3-ylmethyl)-9H- g 2-1
\\O purine (M+1)
40 . Cl cl
N
N TN MS
— 6-Chloro-8-(2-chloro-phenyl)-9-(1,1-
)\ N . . (m/z):
N dioxo-tetrahydro-1lambda*6*-thiophen- 397 2-1
3-yl)-2-methyl-9H-purine
, (M+1)
i
O
41 Cl cl
NN
| N MS
)\ Z~N 3-[6-Chloro-8-(2-chloro-phenyl)-2- (miz):
N b methyl-purin-9-yl]-azetidine-1- 434 ’ 2-2
carboxylic acid tert-butyl ester (M+1)

1 X
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(continued)

Prep. Structure Chemical name Physical General
No. data Procedure
42

MS
6-Chloro-2-methyl-9-(R)-tetrahydro- (miz):
furan-3-yl-8-(4-trifluoromethyl-pyridin- 384 ’ 2-3
3-yl)-9H-purine (M+1)
0]
43 Cl Ci
N7 | N, ) 6-Chloro-8-(4-chloro-pyridin-3-yl)-2- (r/‘:’)_
)\\N N \ N met.hyl-9-(R)-tetrahydro-furan-3-y|-9H- 352' 2-3
purine (M+1)
0]
44
Cl
~ N —N . MS
N N\ 6-Chloro-8-(2-cyclopropyl-pyridin-3-yl)- (miz):
)\\ | N/ 2-methyl-9-(R)-tetrahydro-furan-3-yl- 356. 2-3
N” "N 9H-purine
<2:j7 (M+1)
O
45 Cl Br
N7 h{ MS
PN N 8-(2-Bromo-phenyl)-6-chloro-2-methyl- |  (m/z): ot
N 9-(tetrahydro-pyran-4-yl)-9H-purine 409
(M+1)
o
46 Cl Br
NN MS
/m _ N 8-(2-Bromo-phenyl)-6-chloro-2-methyl- (m/z): o1
N N 9-(R)-tetrahydro-furan-3-yl-9H-purine 393
(M+1)
o
47 Cl Br
/m _ N 8-(2-Bromo-phenyl)-6-chloro-2-methyl- (m/z): 2.2
N N 9-(S)-tetrahydro-furan-3-yl-9H-purine 393
<i:j (M+1)
@)

Preparation 48:

6-Chloro-8-(2-chloro-pyridin-3-yl)-2-methyl-9-(R)-tetrahydro-furan-3-yl-9H-purine

[0051]
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Ci Cl
z N —N
L
)\\N N \_7/
o

[0052] Charge a reaction vessel with R-6-Chloro-2-methyl-N4-(tetrahydro-furan-3-yl)-pyrimidine-4,5-diamine (2.186
mmoles, 500.000 mg), 2-bromonicotinaldehyde (3.280 mmoles, 610.046 mg), toluene (94.551 mmoles, 10.000 mL),
and PTSA monohydrate (109.323 pmoles, 20.795 mg). Heat at 100°C under nitrogenfor 1 hour. Cooltoroom temperature,
filter, and concentrate under reduced pressure. Next, to the crude oil (imine) at room temperature under nitrogen add
slowly thionyl chloride (68.630 mmoles, 5.000 mL). Heat to 80°C for 30 minutes. Concentrate under reduced pressure.
Add toluene (~10mL) and remove twice under reduced pressure. Dissolve the residue in dichloromethane and basify
slowly with saturated aqueous sodium bicarbonate. Dry the organic layer over anhydrous sodium sulfate, filter, and
concentrate under reduced pressure. Purify by silica gel chromatography eluting with hexanes: acetone to afford the
titte compound. (648 mg). MS (m/z): 350 (M+1).

Preparation 49:

1-(2-Fluoro-ethyl)-piperazine hydrochloride salt

[0053]
F
¢
N
EHJ
HCI HCI
Step 1:

[0054] Charge a reaction vessel with N-tert-butoxycarbonylpiperazine (8.590 mmoles, 1.600 g), potassium carbonate
(25.771 mmoles, 3.562 g), sodium iodide (cat.) (66.714 pwmoles, 10.000 mg), 1,4-dioxane (234.262 mmoles, 20.000
mL), 1-bromo-2-fluoroethane (9.449 mmoles, 704.029 pL), and a stirbar. Heat with stirring overnight at reflux. Upon
reaction completion, cool to room temperature and concentrate under reduced pressure. Partition with ethyl acetate and
water. Separate the organic layer and dry over anhydrous sodium sulfate, filter, and concentrate under reduced pressure
to afford pure 4-(2-fluoro-ethyl)-piperazine-1-carboxylic acid tert-butyl ester. GCMS (m/z): 232 (M).

Step 2:

[0055] Add 4N HCI in 1,4-dioxane (86.096 mmoles, 21.524 mL) to a stirred solution of 4-(2-fluoro-ethyl)-piperazine-
1-carboxylic acid tert-butyl ester (8.610 mmoles, 2.000 g) in dry dichloromethane (60 mL) at room temperature under
nitrogen. Stir overnight under nitrogen. Concentrate under reduced pressure to afford the title compound (8.679 mmoles,
1.780 g). MS (m/z): 133 (M+1).

Example 1:

8-(2-Chloro-phenyl)-6-(4-ethyl-piperazin-I-yl)-2-methyl-9-(tetrahydro-pyran-4-yl)-9H-purine hydrochloride salt

[0056]
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\

N HCI

)

N

Cl
N
0
O

[0057] Heat a solution of 6-chloro-8-(2-chlorophenyl)-2-methyl-9-(tetrahydro-2H-pyran-4-yl)-9H-purine(0.0005 mol,
0.2 g), N-ethyl piperazine (0.0006 mol, 0.069g, 1.1 equiv.), and triethylamine (0.0006 mol, 0.061g, 1.1 equiv.) in ethanol
(5.0 mL) at reflux for 20 hours. Alternatively, heat the reaction with microwave irradiation. Upon reaction completion,
concentrate the reaction mixture under reduced pressure. Dissolve the residue in dry dichloromethane and wash with
saturated sodium bicarbonate solution, water, and brine. Dry the organic layer over anhydrous sodium sulfate, filter, and
concentrate under reduced pressure to give the residue. Purify by silica gel chromatography eluting with hexanes:
acetone 90:10 to give the freebase. Add HCI (2M solution in ethanol) (1.0 equiv.) to the freebase (0.23 g, 0.500 mmol)
in diethyl ether (5 mL) at 0°C and stir for 2 hours at room temperature. Filter and wash precipitate with diethyl ether. Dry
the precipitate under vacuum to give the title compound (0.2 g). MS (m/z): 441.28 (M+1). Alternatively, prepare the HCI
salt by dissolving the freebase in acetone, 1:1 acetonitrile: water, or another suitable organic solvent, then add with
stirring a solution of aqueous or ethereal HCI. Then lyophilize to afford the hydrochloride salt.

[0058] Examples 2-72 in Table 3 may be prepared essentially as described in Example 1 using the appropriately
substituted purine and the appropriately substituted piperazine according to Scheme D.

Table 3.
Ex;rg.ple Structure Chemical name Przjyastia(:al
YO
N HCI
[Nj 1-{4-[8-(2-Chloro-phenyl)-2-methyl- MS

9 N a 9-(tetrahydro-pyran-4-yl)-9H-purin-6- (m/z):
N7~ A yl]-piperazin-1-yl}-ethanone hydrochloride 455
P salt (M+1)

N a MS

8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl- (miz):

3 NJ\IN»—@ piperazin-1-yl)-9-(tetrahydro-pyran-4-yl)-9H- 427 ’
[ . .

)\ <N purine hydrochloride salt (M+1)
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(continued)
Example Structure Chemical name Physical
No. data
FS
N
() s
8-(2-Chloro-phenyl)-6-[4-(2-fluoro-
N a (m/z):
4 N ethyl)-piperazin-1-yl]-2-methyl-9-(tetrahydro- 459
)Nl\ X \>_© pyran-4-yl)-9H-purine hydrochloride salt (M+1)
=
N N
Q
O
N HC!
[N 2-[8-(2-Chloro-phenyl)-2-methyl- MS
5 a 9-(tetrahydro-pyran-4-yl)-9H-purin-6- (m/z):
N™ X N\ yl]-hexahydro-pyrrolo[1,2-a]pyrazin-6-one 425
)|\ AN hydrochloride salt, Isomer 22 (M+1)
N
®
Y e
O
N a 8-(2-Chloro-phenyl)-6-(4-cyclopropyl- (r?f/j)'
6 ~ N piperazin-1-yl)-2-methyl-9-(tetrahydro-pyran- 453 ’
N | N 4-yl)-9H-purine hydrochloride salt
)\\N N (M+1)
Q
G
[N MS
8-(2-Cyclopropyl-phenyl)-2-methyl-6-(4- (miz):
7 N™ X N\ methyl-piperazin-1-yl)-9-(tetrahydro-pyran-4- 433'
)l\ P yl)-9H-purine hydrochloride salt
N N (M+1)

19




10

15

20

25

30

35

40

45

50

55

EP 2 379 555 B1

(continued)
Example Structure Chemical name Physical
No. data
S
N a 8-(2-Chloro-4-methoxy-phenyl)-6-(4-ethyl- MS
(m/z):
8 N)\/IEN / piperazin-1-yl)-2-methyl-9-(tetrahydro-pyran- 471
\ O U)o _ . .
)\\N N> <\ > 4-y)-9H-purine hydrochloride salt (M+1)
Q
\
J
N a 8-(2-Chloro-4-fluoro-phenyl)-2-methyl-6-(4- (r?f/j)'
9 N)IN%@’F methyl-piperazin-1-yl)-9-(tetrahydro-pyran-4- 445 '
)%N N yl)-9H-purine hydrochloride salt (M+1)
@
F
N e
E j 8-(2-Chloro-4-methoxy-phenyl)-6-[4-(2- MS
10 N a fluoro-ethyl)-piperazin-1-yl]-2-methyl- (m/z):
N7 N / 9-(tetrahydro-pyran-4-yl)-9H-purine 489
PN | > hydrochloride salt (M+1)
N N
@
| HCI
N
(J ¥
BT » .
0 -Methyl-6-(4-methyl-piperazin-1-yl)- MS
11 N 9-(tetrahydro-pyran-4-yl)-8-(2- (m/z):
NI S A\ trifluoromethoxy-phenyl)-9H-purine 477
/l\ “~N hydrochloride salt (M+1)
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(continued)
Example Structure Chemical name Physical
No. data
0]
SF Hel
N
[ j F F
N F 1-{4-[2-Methyl-9-(tetrahydro-pyran-4-yl)- MS
O 8-(2-trifluoromethoxy-phenyl)-9H-purin-6- (m/z):
12 N
N| =X N\ yl]-piperazin-1-yl}-ethanone hydrochloride 505
salt M+1
PN (M+1)
@
I
N
S,
N O < F 2-Methyl-6-(4-methyl-piperazin-1-yl)- MS
13 N E 9-(tetrahydro-pyran-4-yl)-8-(3- (m/z):
)NI\ N\ trifluoromethoxy-phenyl)-9H-purine 477
NZ N hydrochloride salt (M+1)
Q
|
N
() w
N a 8-(3-Chloro-phenyl)-2-methyl-6-(4-methyl- (r?f/j)'
14 N)IN \>——© piperazin-1-yl)-9-(tetrahydro-pyran-4-yl)-9H- et :
/k\N N purine hydrochloride salt (M+1)
O
|
N
()
N o— MS
8-(3-Methoxy-phenyl)-2-methyl-6-(4-methyl- (miz):
15 N)\/[N\>_© piperazin-1-yl)-9-(tetrahydro-pyran-4-yl)-9H- 423 ’
| . .
N/ N purine hydrochloride salt (M+1)
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(continued)
Example Structure Chemical name Physical
No. data
@)
N HCI
[Nj 1-{4-[8-(2-Chloro-3-fluoro-phenyl)-2-methyl- MS
16 a F 9-(tetrahydro-pyran-4-yl)-9H-purin-6- (m/z):
N7 N\ yl]-piperazin-1-yl}-ethanone hydrochloride 473
/“\N/ N salt (M+1)
Q
|
O
N a F MS
8-(2-Chloro-3-fluoro-phenyl)-2-methyl-6-(4- (miz):
17 NJ\IN\>—© methyl-piperazin-1-yl)-9-(tetrahydro-pyran-4- 445 '
I _ _ . .
/l\N/ N yl)-9H-purine hydrochloride salt (M+1)
Q
| HCI
N
.
N F 2-Methyl-6-(4-methyl-piperazin-1-yl)- MS
18 N N 9-(tetrahydro-pyran-4-yl)-8-(2- (m/z):
| \ trifluoromethyl-phenyl)-9H-purine 461
/I\ Z~N hydrochloride salt M+1
N
Q
I
NS HCl
Y .
N F 2-Methyl-6-(4-methyl-piperazin-1-yl)- MS
19 N 9-(tetrahydro-pyran-4-yl)-8-(3- (m/z):
)N,\ 1 trifluoromethyl-phenyl)-9H-purine 461
N~ N hydrochloride salt (M+1)
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(continued)
Example Structure Chemical name Physical
No. data
( HCI
)
N a 8-(2-Chloro-phenyl)-6-(4-ethyl-piperazin-1- (r?f/i’)'
20 N yl)-2-methyl-9-(tetrahydro-furan-3-yl)-9H- '
N™ ™ . . b 427
| \ purine hydrochloride salt, Isomer 1
/kN/ \ (M+1)
.
( HCI
)
N q 8-(2-Chloro-phenyl)-6-(4-ethyl-piperazin-1- (r?f/i)'
21 N yl)-2-methyl-9-(tetrahydro-furan-3-yl)-9H- ’
N™ ™~ N\ . . b 427
| purine hydrochloride salt, Isomer 2
AP~ (M+1)
&
O
N HCI
[N] 1-{4-[(R)-8-(2-Chloro-phenyl)-2-methyl-9- MS
99 a tetrahydro-furan-3-yl-9H-purin-6- (m/z):
N N yl]-piperazin-1-yl}-ethanone hydrochloride 441
/l _ N salt (M+1)
N
O
F
NH HCI
[ ] 8-(2-Chloro-phenyl)-6-[4-(2-fluoro- MS
23 N a ethyl)-piperazin-1-yl]-2-methyl- (m/z):
N 9-(R)-tetrahydro-furan-3-yl-9H-purine 445
N™~S hydrochloride salt M+1
A Ay
Z
N
O
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(continued)
Example Structure Chemical name Physical
No. data
F
H HCI
N
[ j 8-(2-Chloro-phenyl)-6-[4-(2-fluoro- MS
o4 N a ethyl)-piperazin-1-yl]-2-methyl- (m/z):
N 9-(S)-tetrahydro-furan-3-yl-9H-purine 445
N| \ \>_© hydrochloride salt (M+1)
-
/I\N N:
!
I
[N] HCI
N a 8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl- (:]A/E)_
25 N N piperazin-1-yl)-9-(S)-tetrahydro-furan-3-yl- 413'
/l P 9H-purine hydrochloride salt
P~N (M+1)
N =
!
O
Y HCI
N
[ j 1-{4-[(8)-8-(2-Chloro-phenyl)-2-methyl-9- MS
26 N a tetrahydro-furan-3-yl-9H-purin-6- (m/z):
N N yl]-piperazin-1-yl}-ethanone hydrochloride 441
)I\ _ > salt (M+1)
NN
C
o
N HCI
[ 2-[(S)-8-(2-Chloro-phenyl)-2-methyl-9- MS
o7 N a tetrahydro-furan-3-yl-9H-purin-6- (m/z):
N N yl]-hexahydro-pyrrolo[1,2-a]pyrazin-6-one 453
| N hydrochloride salt, Isomer 1¢ (M+1)
/k “ N
NTR
G
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(continued)
Example Structure Chemical name Physical
No. data
O
N HCI
[ 2-[(R)-8-(2-Chloro-phenyl)-2-methyl-9- MS
08 N 0] tetrahydro-furan-3-yl-9H-purin-6- (m/z):
N N yl]-hexahydro-pyrrolo[1,2-a]pyrazin-6-one 453
)|\ P N hydrochloride salt, Isomer 1d (M+1)
N
O
I
[Nj HCI
N 2-Methyl-6-(4-methyl-piperazin-1-yl)- (r?f/j)'
29 NN 9-(R)-tetrahydro-furan-3-yl-8-o-tolyl-9H- 393'
| P purine hydrochloride salt
N (M+1)
O
| HCI
N
[ ] F F
N F 2-Methyl-6-(4-methyl-piperazin-1-yl)- MS
30 Q 9-(R)-tetrahydro-furan-3-yl-8-(2- (m/z):
N N\ trifluoromethoxy-phenyl)-9H-purine 463
/I|\ 2y hydrochloride salt (M+1)
N
0]
| HCI
N
(J rr .
N F 2-Methyl-6-(4-methyl-piperazin-1-yl)- MS
31 N 9-(R)-tetrahydro-furan-3-yl-8-(2- (m/z):
NI = N trifluoromethyl-phenyl)-9H-purine 447
)\N/ N hydrochloride salt (M+1)
&
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continue
inued
Example Structure Chemical name Physical
No. data
OY
N HCI
[ ] F F 1-{4-[(R)-2-Methyl-9-tetrahydro-furan-3-yl- MS
32 N F 8-(2-trifluoromethyl-phenyl)-9H-purin-6- (m/z):
N N yl]-piperazin-1-yl}-ethanone hydrochloride 475
| P salt (M+1)
NN
e
|
[Nj HCI
N 8-(2-Cyclopropyl-phenyl)-2-methyl-6-(4- (r?f/j)'
33 N N methyl-piperazin-1-yl)-9-(R)-tetrahydro- 419'
)|\ N furan-3-yl-9H-purine hydrochloride salt
N/ N (M+1)
&
| HCI
®
N 8-(2-Cyclopropyl-phenyl)-2-methyl-6-(4- (r?f/j)'
34 N N methyl-piperazin-1-yl)-9-(S)-tetrahydro- 419'
)|\ N furan-3-yl-9H-purine hydrochloride salt
N/ N (M+1)
C
O
Y ko
N
[N] 1-{4-[(S)-8-(2-Cyclopropyl-phenyl)-2-methyl- MS
35 . 9-tetrahydro-furan-3-yl-9H-purin-6- (m/z):
NTX N yl]-piperazin-1-yl}-ethanone hydrochloride 447
)l\ > salt (M+1)
N
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(continued)
Example Structure Chemical name Physical
No. data
I
[Nj HCl
N / MS
O 8-(2-Methoxy-phenyl)-2-methyl-6-(4-methyl- (miz):
36 N N piperazin-1-yl)-9-(R)-tetrahydro-furan-3-yl- 409'
| P 9H-purine hydrochloride salt
P (M+1)
N N
O
[N ] HCI
N O/ 6-(4-Ethyl-piperazin-1-yl)-8-(2-methoxy- (r?f/j)'
37 phenyl)-2-methyl-9-(R)-tetrahydro-furan-3- ’
NENN : : 423
| N yl-9H-purine hydrochloride salt
PS (M+1)
N
O
J
N HCI
) o s
/ 6-[4-(2-Fluoro-ethyl)-piperazin-1-yl]-8-(2- (miz):
38 N 0] methoxy-phenyl)-2-methyl-9-(R)-tetrahydro- 441 ’
NZ N furan-3-yl-9H-purine hydrochloride salt
o (M+1)
A
N
O
N( HCI
N Ci 8-(2-Chloro-phenyl)-6-(4-ethyl-piperazin-1- (r?f/i)'
39 N7 N yl)-2-methyl-9-(tetrahydro-furan-2-ylmethyl)- 441 '
)I\ N 9H-purine hydrochloride salt, Isomer 1€
P (M+1)
N N
0]
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continue
inued
Example Structure Chemical name Physical
No. data
[N] HCI
N - Cl 8-(2-Chloro-phenyl)-6-(4-ethyl-piperazin-1- (r?f/i)'
40 N N yl)-2-methyl-9-(tetrahydro-furan-2-ylmethyl)- 441 ’
| N 9H-purine hydrochloride salt, Isomer 28
NZ N (M+1)
0]
0]
N " HCI
[N] 1-{4-[8-(2-Chloro-phenyl)-2-methyl- MS
41 cl 9-(tetrahydro-furan-2-ylmethyl)-9H-purin-6- (m/z):
N \ N\ yl]-piperazin-1-yl} -ethanone hydrochloride 455
| \ salt (M+1)
N
o
\]70
[Nj HCI
N 1-{4-[8-(2-Chloro-phenyl)-2-methyl- MS
42 cl 9-(tetrahydro-furan-2-ylmethyl)-9H-purin-6- (m/z):
N™~ N\ yl]-piperazin-1-yl}-ethanone hydrochloride 455
)l\ AN salt, Isomer 1f (M+1)
N
o
0]
[N HCI
N Cl 1-{4-[8-(2-Chloro-phenyl)-2-methyl- MS
43 9-(tetrahydro-furan-2-ylmethyl)-9H-purin-6- (m/z):
N™ ™ N\ yl]-piperazin-1-yl}-ethanone hydrochloride 455
' — salt, Isomer 2f M+1
N

=z

3
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(continued)
Example Structure Chemical name Physical
No. data
l HCI
N
[ ] MS
N cl 8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl- (miz):
44 N piperazin-1-yl)-9-[(S)-1-(tetrahydro-furan-2- ’
NT X : . 427
| A\ yl)methyl]-9H-purine hydrochloride salt
A )
N 0
J
N HCI
[ ] 8-(2-Chloro-phenyl)-6-[4-(2-fluoro- MS
45 N ethyl)-piperazin-1-yl]-2-methyl-9-[(S)- (m/z):
Cl 1-(tetrahydro-furan-2-yl)methyl]-9H-purine 459
N N\>_© hydrochloride salt (M+1)
I
=z
N
e
l
[Nj HCI
N MS
Cl 8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl- (miz):
46 = N piperazin-1-yl)-9-[(R)-1-(tetrahydro-furan-2- ’
N . . 427
| N\ yl)methyl]-9H-purine hydrochloride salt
A n | (M+1)
\,..,.Eo)
F
\ HCI
N
[ ] 8-(2-Chloro-phenyl)-6-[4-(2-fluoro- MS
47 N cl ethyl)-piperazin-1-yl]-2-methyl-9-[(R)- (m/z):
1-(tetrahydro-furan-2-yl)methyl]-9H-purine 459
hydrochloride salt (M+1)
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(continued)
Example Structure Chemical name Physical
No. data
@)
HCI
N
[N 2-{8-(2-Chloro-phenyl)-2-methyl-9-[(R)- MS
48 Cl 1-(tetrahydro-furan-2-yl)methyl]-9H-purin-6- (m/z):
NZ N yl}-hexahydro-pyrrolo[1,2-a]pyrazin-6-one 467
)\\ |- hydrochloride salt (M+1)
N N\
u,,@
0]
N HCI
[ 2-{8-(2-Chloro-phenyl)-2-methyl-9-[(S)- MS
49 N Ci 1-(tetrahydro-furan-2-yl)methyl]-9H-purin-6- (m/z):
N yl}-hexahydro-pyrrolo[1,2-a]pyrazin-6-one 467
/I\i ) hydrochloride salt, Isomer 19 (M+1)
~
[N] HCI
N Cl 8-(2-Chloro-phenyl)-6-(4-ethyl-piperazin-1- (r?f/i)'
50 N N yl)-2-methyl-9-(tetrahydro-furan-3-ylmethyl)- ’
I N . ; h 441
/J\ _ 9H-purine hydrochloride salt, Isomer 1
N N (M+1)
0]
[N ] HCI
N Cl 8-(2-Chloro-phenyl)-6-(4-ethyl-piperazin-1- (r?f/i)'
51 N N yl)-2-methyl-9-(tetrahydro-furan-3-ylmethyl)- ’
| N ) ; h 441
/k _ 9H-purine hydrochloride salt, Isomer 2
N N (M+1)
0]

30
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(continued)
Example Structure Chemical name Physical
No. data
OY
N
[ ] HCI
N cl 1-{4-[8-(2-Chloro-phenyl)-2-methyl- MS
50 N 9-(tetrahydro-furan-3-ylmethyl)-9H-purin-6- (m/z):
Nl = N yl]-piperazin-1-yl}-ethanone hydrochloride 455
N/ N salt, Isomer 1i (M+1)
o
OY
N
[ ] HCI
N cl 1-{4-[8-(2-Chloro-phenyl)-2-methyl- MS
53 N 9-(tetrahydro-furan-3-ylmethyl)-9H-purin-6- (m/z):
Nl ~ N yl]-piperazin-1-yl} -ethanone hydrochloride 455
N/ N salt, Isomer 2i (M+1)
O hydrochloride
J
N HCI
[ ] 8-(2-Chloro-phenyl)-6-[4-(2-fluoro- MS
54 N Cl ethyl)-piperazin-1-yl]-2-methyl-9-(tetrahydro- (m/z):
N N furan-3-ylmethyl)-9H-purine hydrochloride 459
)|\ N salt, Isomer 1i (M+1)
NZ{N
O
J
N HCI
[ ] 8-(2-Chloro-phenyl)-6-[4-(2-fluoro- MS
55 N Cl ethyl)-piperazin-1-yl]-2-methyl-9-(tetrahydro- (m/z):
N N furan-3-ylmethyl)-9H-purine hydrochloride 459
/“\ _ N salt, Isomer 2J (M+1)
N{%
O
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(continued)
Example Structure Chemical name Physical
No. data
[Nj 8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl- MS
56 piperazin-1-yl)-9-(tetrahydro-furan-3- (m/z):
AN N\ ylmethyl)-9H-purine hydrochloride salt, 427
| _ Isomer 1k (M+1)
N N
m
[N] 8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl- MS
57 piperazin-1-yl)-9-(tetrahydro-furan-3- (m/z):
N~ N\ ylmethyl)-9H-purine hydrochloride salt, 427
- Isomer 2k (M+1)
N N
2
F
H HCI
N
[ j 8-(2-Chloro-phenyl)-6-[4-(2-fluoro- MS
58 N Cl ethyl)-piperazin-1-yl]-2-methyl-9-(tetrahydro- (m/z):
N N pyran-4-ylmethyl)-9H-purine hydrochloride 473
| N salt (M+1)
)\ “
N N
o
O
Y HCI
)
N cl 1-{4-[8-(2-Chloro-phenyl)-2-methyl- MS
59 N 9-(tetrahydro-pyran-4-ylmethyl)-9H-purin-6- (m/z):
NI. = N yl]-piperazin-1-yl} -ethanone hydrochloride 469
Z~N salt (M+1)
N

o
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(continued)
Ex;rgple Structure Chemical name Przjyast:al
|
E“j HCI
N
N cl 8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl- (r?f/j)'
60 N™ N piperazin-1-yl)-9-(tetrahydro-pyran-4- ’
)I\ = Imethyl)-9H-purine hydrochloride salt 441
NZ N y (M+1)
O 60
N HCI
[N cl 2-[8-(2-Chloro-phenyl)-2-methyl- MS
61 N 9-(tetrahydro-pyran-4-ylmethyl)-9H-purin-6- (m/z):
= N yl]-hexahydropyrrolo[1,2-a]pyrazin-6-one 481
)I\N/ N hydrochloride salt, Isomer 21 (M+1)
O
F
hll) HCl
[Nj 8-(2-Chloro-phenyl)-6-[4-(2-fluoro- MS
62 Cl ethyl)-piperazin-1-yl]-2-methyl-9-(tetrahydro- (m/z):
N N\ pyran-3-ylmethyl)-9H-purine hydrochloride 473
)I\ _ salt, Isomer 1M (M+1)
N~ N
0
F
NH HCI
[ j 8-(2-Chloro-phenyl)-6-[4-(2-fluoro- MS
63 N Cl ethyl)-piperazin-1-yl]-2-methyl-9-(tetrahydro- (m/z):
N N\ pyran-3-ylmethyl)-9H-purine hydrochloride 473
)l\ _ salt, Isomer 2M (M+1)
N N
0]
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(continued)
Example Structure Chemical name Physical
No. data
[N] HCI
N
Cl 8-(2-Chloro-phenyl)-6-(4-ethylpiperazin-1- (r/‘:’)_
64 N7 N\ yl)-2-methyl-9-(tetrahydro-pyran-3-ylmethyl)- 455'
/l P 9H-purine hydrochloride salt, Isomer 1"
N N (M+1)
O
[Nj HCI
N
Cl 8-(2-Chloro-phenyl)-6-(4-ethylpiperazin-1- (r?f/i)'
65 N~ N yl)-2-methyl-9-(tetrahydro-pyran-3-ylmethyl)- '
| ) OH-puri . ; 455
P -purine hydrochloride salt, Isomer 2
)\N N (M+1)
6]
OY
EN j HC
N cl 1-{4-[8-(2-Chloro-phenyl)-2-methyl- MS
66 N 9-(tetrahydro-pyran-3-ylmethyl)-9H-purin-6- (m/z):
N| N A\ yl]-piperazin-1-yl} -ethanone hydrochloride 469
N/ N salt, Isomer 1° (M+1)
0]
0]
[N] HCl
N cl 1-{4-[8-(2-Chloro-phenyl)-2-methyl- MS
67 N 9-(tetrahydro-pyran-3-ylmethyl)-9H-purin-6- (m/z):
NI ~ A\ yl]-piperazin-1-yl}-ethanone hydrochloride 469
“~N salt, Isomer 2° (M+1)

N

G
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(continued)
Example Structure Chemical name Physical
No. data
|
[N] HCI
N 8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl- MS
Cl . .
68 N piperazin-1-yl)-9-(tetrahydro-pyran-3- (m/z):
NI N N ylmethyl)-9H-purine hydrochloride salt, 441
. N/ N Isomer 1P (M+1)
\\OO
|
[Nj HCI
N 8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl- MS
Cl . .
69 N piperazin-1-yl)-9-(tetrahydro-pyran-3- (m/z):
N| = N ylmethyl)-9H-purine hydrochloride salt, 441
= Isomer 2P (M+1)
N N
\\Q
OY
[N] HCI
N Cl 1-{4-[8-(2-Chloro-phenyl)-9-(1,1-dioxo- MS
tetrahydro-1lambda*6*-thiophen-3-yl)-2- (m/z):
70 N ! . :
Nl N methyl-9H-purin-6-yl]-piperazin-1-yl} 489
N/ N -ethanone hydrochloride salt, Isomer 14 (M+1)
O
|
N Cl 8-(2-Chloro-phenyl)-9-(1,1-dioxotetrahydro- MS
71 NTX N\ 1lambda*6*-thiophen-3-yl)-2-methyl-6-(4- (m/z):
| methylpiperazin-1-yl)-9H-purine 461
/k ~
N N hydrochloride salt, Isomer 17 (M+1)
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(continued)
Example Structure Chemical name Physical
No. data
l
[N] HCI
N Ci 8-(,2-Chloro-phenyl)-9-(1,I -dioxo-tetrahydro- MS
72 N N 1lambda*6*-thiophen-3-yl)-2-methyl-6-(4- (m/z):
/H\ _ N methylpiperazin-1-yl)-9H-purine 461
N N hydrochloride salt, Isomer 2° (M+1)
o
I HCI
)
N Cl 8-(2-Chloro-pyridin-3-yl)-2-methyl-6-(4- (r?f/j)'
73 ' N =N methyl-piperazin-1-yl)-9-(R)-tetrahydro- '
N| N furan-3-yl-9H-purine hydrochloride salt 414
)\N/ A Y, yren-purine iy (M+1)
0
| HCI
®
N Cl 8-(4-Chloro-pyridin-3-yl)-2-methyl-6-(4- (r?f/j)'
74 N = methyl-piperazin-1-yl)-9-(R)-tetrahydro- ’
N N\ . . 414
| \ furan-3-yl-9H-purine hydrochloride salt
A A~y K (M+1)
O
2-Methyl-6-(4-methyl-piperazin-1-yl)- MS
75 9-(R)-tetrahydro-furan-3-yl-8-(4- (m/z):
trifluoromethyl-pyridin-3-yl)-9H-purine 448
hydrochloride salt (M+1)
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(continued)
Example Structure Chemical name Physical
No. data
| HCI
)
N 8-(2-Cyclopropyl-pyridin-3-yl)-2-methyl-6-(4- (r?]A/:’)_
76 N N =N methyl-piperazin-1-yl)-9-(R)-tetrahydro- 420'
! P \ / furan-3-yl-9H-purine hydrochloride salt
//L\N/' N (M+1)
&

Superscripts a-r represent chiral separation conditions: Isomer 1 is first to elute from analytical chiral column and isomer

2 is the second to elute from the chiral column.

. RegisPack SFC, Eluent: 10% EtOH (0.2% IPAm)/CO,

. Chiralpak AS-H, Eluent: 100% MeOH (0.2% DMEA)

. Chiralpak AD-H, Eluent 40:60 IPA:heptane (0.2% DMEA)

. Chiralpak AD-H SFC, Eluent: 20% IPA(0.2% IPAm)/ CO,

. Chiralpak AD-H SFC, Eluent: 7% MeOH (0.2% IPAm)/ CO,
Chiralpak AS-H, Eluent: 100% EtOH

g. Chiralpak AD-H, Eluent: 30:70 IPA:heptane (0.2% DMEA)
h. Chiralpak AD-H SFC, Eluent: 10% EtOH(0.2% IPAm)/ CO,
I. Chiralcel OJ-H SFC, Eluent: 10% MeOH(0.2% IPAm)/ CO,
J. Chiralpak AD-H SFC, Eluent: 10% EtOH (0.2% IPAm)/ CO,
k. Chiralpak AD-H, Eluent: 15:85 IPA:heptane (0.2 DMEA)

I. Chiralpak AD-H SFC, Eluent: 20% MeOH(0.2% IPAm)/ CO,
m. Chiralpak AD-H SFC, Eluent: 10% EtOH (0.2% IPAm) CO,
n. Chiralpak AD-H SFC, Eluent: 10% EtOH (0.2% IPAm) CO,
o. Chiralpak AS-H SFC, Eluent: 10% MeOH(0.2% IPAm)/ CO,
p. Chiralpak AD-H, Eluent: 5:95 EtOH:heptane (0.2% DMEA)
g. Chiralpak AS-H, Eluent: 100% MeOH (0.2% DMEA)

r. Chiralpak AS-H, Eluent: 100% MeOH (0.2% DMEA)

SO Q0 T o

Example 77:

8-(4-Methoxy-2-methyl-phenyl)-2-methyl-6-(4-methyl-piperazin-1-yl)-9-(R)-tetrahydrofuran-3-yl-9H-purine

[0059]

[0060] Dissolve 6-chloro-2-methyl-N*4*-(R)-tetrahydro-furan-3-yl-pyrimidine-4,5-diamine (0.100 g, 0.402 mmol), 4-
methoxy-2-methylbenzaldehyde (0.091 g, 0.603 mmol), N-methylpiperazine (0.044 g, 0.443 mmol) and nitrobenzene
(0.050 g, 0.402 mmol) in methoxybenzene (1.2 mL) and heat to 140°C for 2 days. Next, stir at room temperature for 3
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days. Next, concentrate under reduced pressure and partition between aqueous 2N HCI and dichloromethane, wash
with dichloromethane. Basify aqueous phase to pH 12 and extract with dichloromethane. Load organics onto 5g SCX-
2 column, wash with methanol then elute product with 2N ammonia in methanol. Purify by prep highpressure liquid
chromatography and lyophilize from water/acetonitrile to afford the title compound as the freebase. MS (m/z): 423 (M+1).

Example 78

2-[2-Methyl-6-(4-methyl-piperazin-1-yl)-9-(tetrahydro-pyran-4-yl)-9H-purin-8-yl]-benzonitrile hydrochloride salt

[0061]
| HCI
)
N
N AN
1 N
T
)\N/ N
Q
Step 1:

[0062] Heat a solution of 8-(2-bromophenyl)-6-chloro-2-methyl-9-(tetrahydro-2H-pyran-4-yl)-9H-purine (0.0023 mol,
1.0 g), 1-methyl piperazine (0.0025 mol, 0.25g, 1.1 equiv.) and triethylamine (0.0025 mol, 0.25 g, 1.1 equiv.) in ethanol
(10.0 mL) at 90°C for 16 h. Concentrate the reaction mixture under reduce pressure. Dissolve the residue in dry dichlo-
romethane and wash with saturated sodium bicarbonate solution, water, and brine. Dry the organic layer over anhydrous
sodium sulfate, filter, and concentrate to give the residue. Purify the residue by silica gel chromatography eluting with
dichloromethane: methanol 97:3 to give 8-(2-Bromo-phenyl)-2-methyl-6-(4-methyl-piperazin-1-yl)-9-(tetrahydro-pyran-
4-yl)-9H-purine (0.71 g). Used as such for the next step.

Step 2:

[0063] Charge a microwave reaction vessel with 8-(2-Bromo-phenyl)-2-methyl-6-(4-methyl-piperazin-1-yl)-9-(tetrahy-
dro-pyran-4-yl)-9H-purine (0.0015mol, 0.7g), zinc cyanide (0.0022 mol, 0.256 g, 1.5 equiv.), and dry N,N-dimethylfor-
mamide (5.0 mL). Degas three times with nitrogen. Add Pd(PPhj), (0.0001 mol, 0.17g, 0.1 equiv.) and degas again
three times with nitrogen. Seal the reaction vessel and irradiate at 150°C for 1 hour in microwave. Cool the reaction
mixture to room temperature, quench the reaction mixture with water and extract with ethyl acetate. Wash the organic
layer with brine, dry over anhydrous sodium sulfate, filter, and concentrate under reduced pressure to give a residue.
Purify the residue on silica gel column eluting with dichloromethane: methanol 99:1 to give the freebase. Add HCI (2M
solution in diethyl ether) (0.026 g, 0.0007 mol, 1.0 equiv.) to the mixture of 2-(2-methyl-6-(4-methylpiperazin-1-yl)-9-(tet-
rahydro-2H-pyran - 4- yl)- 9H - purin - 8-yl) benzonitrile (0.3 g, 0.0007 mol) in diethyl ether (5 mL) at 0°C and stir for 2
hours at room temperature. Filter the precipitate, wash with diethyl ether, and dry in a vacuum to give the title compound.
MS (m/z): 418.29 (M+1).

[0064] Examples 79-80 in Table 4 may be prepared essentially by the same procedure over two steps as example 78
using the appropriately substituted purine according to Scheme E.
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Table 4.
Ex. Structure Chemical name Physical
No. data
79 |
N HCI
) x
N N 2-[(R)-2-Methyl-6-(4-methylpiperazin-1-yl)-9-tetrahydro-furan-3- MS (m/z):
)\I N yl-9H-purin-8-yl]-benzonitrile hydrochloride salt 404(M+1)
N TN
&
80 HCl
N
SN
N A 2-[(S)-2-Methyl-6-(4-methylpiperazin-1-yl)-9-tetrahydro-furan-3- MS (m/z):
TN yl-9H-purin-8-yl]-benzonitrile hydrochloride salt 404(M+1)
NZTN
3
Example 81:

2-Methyl-6-(4-methyl-piperazin-1-yl)-9-(tetrahydro-pyran-4-yl)-8-o-tolyl-9H-purine hydrochloride salt.

[0065]

[0066]

To a solution of 6-Chloro-2-methyl-N*4*-(tetrahydro-pyran-4-yl)-pyrimidine-4,5-diamine (1 g, 4.12 mmoles) in

dimethyl sulfoxide (5 mL) is added o-tolualdehyde 4.12 mmol), N-methylpiperazine (4.12 mmol) followed by acetic acid
(9.89 mmoles, 566.635 pL). This reaction is heated to 90°C open to the atmosphere for 8 hours. Material is charged
onto a pre-conditioned SCX column and eluted with 7N ammonia in methanol, solvent evaporated and crude is purified
reverse phase chromatography. To the material is added 1 equivalent of HCI 4M in 1,4-dioxane. The excess solvent is
evaporated to give the title compound. MS (m/z): 407 (M+1).

[0067]

pyrimidine, aldehyde, and piperazine according to Scheme F.

39
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Table 5.
Ex. Structure Chemical name Physical
No. data
82 |
HCI
O
N F MS
N N 8-(2-Fluoro-phenyl)-2-methyl-6-(4-methyl-piperazin-1-yl)- (m/z):
| N 9-(tetrahydro-pyran-4-yl)-9H-purine hydrochloride salt 411
O
83 |
[Nj HCI
N MS
N7 N 8-(2-Ethyl-phenyl)-2-methyl-6-(4.-methyl-pipera.zin-1-yI)- (m/z):
)l\ A\ 9-(tetrahydro-pyran-4-yl)-9H-purine hydrochloride salt 421
~
N %\> (M+1)
0]
Example 84:

3-[8-(2-Chloro-phenyl)-6-(4-ethyl-piperazin-1-yl)-2-methyl-purin-9-yl]-azetidine-1-carboxylic acid methylester

[0068]
)
N Ci
x—N
-0
N N
&y
=0
~0
Step 1:

[0069] Heat a solution of tert-butyl 3-(6-chloro-8-(2-chlorophenyl)-2-methyl-9H-purin-9-yl)azetidine-1-carboxylate
(0.012 mol, 5.5 g), N-ethyl piperazine (0.013 mol, 1.59 g, 1.1 equiv.), and triethylamine (0.013 mol, 1.41 g, 1.1 equiv.)
in ethanol (25.0 mL) at 90°C for 16 hours. Concentrate the reaction mixture under reduced pressure. Dissolve the residue
in dry dichloromethane. Wash with saturated sodium bicarbonate solution, water, and brine. Dry the organic layer over
anhydrous sodium sulfate, filter, and concentrate under reduced pressure to give the residue. Purify the residue by silica
gel chromatography eluting with dichloromethane: methanol 98:2 to give tert-butyl 3-(8-(2-chlorophenyl)-6-(4-ethylpiper-
azin-1-yl)-2-methyl-9H-purin-9-yl)azetidine-1-carboxylate (3.0 g). MS (m/z): 512.31(M+1).
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Step 2:

[0070] Add trifluoroacetic acid (15 mL) to a solution of tert-butyl 3-(8-(2-chlorophenyl)-6-(4-ethylpiperazin-1-yl)-2-me-
thyl-9H-purin-9-yl)azetidine-1-carboxylate (0.005 mol, 3.0 g) in dichloromethane (15 mL) at 0 °C and stir for 2 hours at
room temperature. Quench the reaction mixture with saturated sodium bicarbonate solution and extract with dichlo-
romethane. Dry the organic layer over anhydrous sodium sulfate, filter, and concentrate under reduced pressure to give
9-(azetidin- 3 -yl)- 8-(2-chlorophenyl)-6-(4-ethylpiperazin- 1-yl)-2-methyl-9H-purine (2.4 g). MS (m/z): 412.22 (M+1).

Step 3:

[0071] Add methyl chloroformate (0.0024 mol, 0.22 g, 2.5 equiv.) to a solution of 9-(azetidin- 3 -yl)- 8-(2-chlorophenyl)-
6-(4 -ethylpiperazin- 1-yl)-2-methyl-9H-purine (0.0009 mol, 0.4 g) and pyridine (2 mL) in dry dichloromethane (2 mL) at
0°C and stir for 2 hours at room temperature. Quench the reaction mixture with saturated sodium bicarbonate solution
and then extract with dichloromethane. Dry the organic layer over anhydrous sodium sulfate, filter and concentrate under
reduced pressure to give the residue. Purify the residue by silica gel chromatography eluting with dichloromethane:
methanol 98:2 to give the title compound as the freebase (0.155 g). MS (m/z): 470.63(M+1).

Example 85:

8-(2-Chloro-phenyl)-6-(4-methyl-piperazin-1-yl)-9-(tetrahydro-pyran-4-ylmethyl)-9H-purine hydrochloride salt

[0072]
|
[N] HCI
N Cl

N

OO
N N
(@]

Step 1:

[0073] Charge a microwave reaction vial with 4,6-dichloro-pyrimidin-5-ylamine (12.20 mmoles, 2.00 g), isopropyl al-
cohol (5 mL), C-(tetrahydro-pyran-4-yl)-methylamine (14.63 mmoles, 1.69 g), and N,N-diisopropylethylamine (15.85
mmoles, 2.76 mL). Irradiate with stirring at 140°C for 2 hours with high absorbance mode in the microwave. Solvent is
evaporated and residue triturated with dichloromethane to afford 6-Chloro-N*4*-(tetrahydro-pyran-4-ylmethyl)-pyrimi-
dine-4,5-diamine.

Step 2:

[0074] Prepare 6-Chloro-8-(2-chloro-phenyl)-9-(tetrahydro-pyran-4-ylmethyl)-9H-purine is using 6-Chloro-N*4*-(tet-
rahydro-pyran-4-ylmethyl)-pyrimidine-4,5-diamine according to general procedure 2-1.

Step 3:

[0075] Displace 6-Chloro-8-(2-chloro-phenyl)-9-(tetrahydro-pyran-4-ylmethyl)-9H-purine with N-methylpiperazine and
prepare hydrochloride salt using the same procedure as example 1 to give the titte compound. MS (m/z): 427 (M+1)
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Example 86:

8-(2-Chloro-phenyl)-6-(4-methyl-piperazin-1-yl)-9-(R)-tetrahydro-furan-3-yl-2-trifluoromethyl-9H-purine hydrochloride
salt

[0076]
I
[Nj HCI
N cl
NN
IO
] b
(0]
Step 1:

[0077] Charge a microwave reaction vessel with 4,6-dichloro-2-trifluoromethyl-pyrimidin-5-ylamine (4.31 mmoles, 1.00
g), isopropyl alcohol (3 mL), (R)-(tetrahydrofuran-3-yl)amine (5.17 mmoles, 639.24 mg), diisopropylethylamine (12.93
mmoles, 2.26 mL). Irradiate with stirring at 140°C for 2 hours using the high absorbance mode. Concentrate under
reduced pressure, dissolve in dichloromethane, and wash with water (2 x 150 mL). The organic layer is dried over
magnesium sulfate and evaporated to afford a brown oil. Purify by silica gel chromatography eluting with hexanes: ethyl
acetate 0-100% to afford 6-Chloro-N*4*~(R)-tetrahydro-furan-3-yl-2-trifluoromethyl-pyrimidine-4,5-diamine.

Step 2:

[0078] Treat 6-chloro-N*4*-(R)-tetrahydro-furan-3-yl-2-trifluoromethyl-pyrimidine-4,5-diamine (2.67 mmoles, 0.756 g)
and 2-chloro-benzaldehyde (2.94 mmoles, 331.39 plL) in anhydrous 1,4-dioxane (10 mL) with 15% ferric chloride on
silica (8.56 mmoles, 1.39 g) and heat at 100°C overnight. Filter through diatomaceous earth and wash with ethyl acetate.
Evaporate filtrate to afford 6-Chloro-8-(2-chloro-phenyl)-9-(R)-tetrahydro-furan-3-yl-2-trifluoromethyl-9H-purine.

Step 3:

[0079] Displace 6-Chloro-8-(2-chloro-phenyl)-9-(R)-tetrahydro-furan-3-yl-2-trifluoromethyl-9H-purine with N-methyl-
piperazine and prepare hydrochloride salt using the same procedure as example 1 to give title compound. MS (m/z):
467 (M+1).

Example 87:

8-(2-Chloro-phenyl)-6-(4-ethyl-piperazin-1-yl)-2-methyl-9-(tetrahydro-pyran-4-ylmethyl)-9H-purine hydrochloride salt.

[0080]

42



10

15

20

25

30

35

40

45

50

55

EP 2 379 555 B1

ol

N cl
N
L0-0
/kN/ N
le

Step 1:

[0081] In a 1 L rbffitted with reflux condenser, nitrogen inlet and stirring bar, dissolve 5-amino-4,6-dichloro-2-methyl-
pyrimidine (25 g, 140 mmol), 4-aminomethyltetrahydropyran hydrochloride (36.2 g, 239 mmol), triethylamine (57 mL,
407.3 mmol) in isopropyl alcohol (280 mL) and heat to reflux. After 42 hours allow to cool to room temperature. Remove
the solvent under reduced pressure and dissolve the resulting residue in dichloromethane (300 mL). Wash the organic
layer with water (2 x 150 mL) and brine (150 mL), dry over anhydrous sodium sulfate, filter and evaporate to afford 6-
chloro-2-methyl-N-4-(tetrahydro-pyran-4-ylmethyl)-pyrimidine-4,5-diamine (38 g). MS (m/z): 257/259 (M+1).

Step 2:

[0082] In a 3 necked 1 L rbf, fitted with thermometer, condenser and a fritted air inlet dissolve 6-chloro-2-methyl-N-
4-(tetrahydro-pyran-4-ylmethyl)-pyrimidine-4,5-diamine (37.6 g, 146.4 mmol) and copper(ll) trifluoromethanesulfonate
(26.5 g, 73.2 mmol) in dimethylformamide (585 mL) at room temperature. Then add triethylamine (41 mL, 293 mmol),
N-ethylpiperazine (20.6 mL, 161.1 mmol) and 2-chlorobenzaldehyde (24.7 mL, 219.7 mmol) and heat the mixture to
100°C with stirring and air sparging.

[0083] After 5.5 hours, stop heating and cool to room temperature. Dilute with ethyl acetate (1 L) and wash with
saturated aqueous sodium hydrogen carbonate (1 x 200 mL) and ammonium hydroxide (1 x 200 mL). Dry the organic
layer over anhydrous sodium sulfate, filter, and evaporate to afford a brown oil and purify by silica gel chromatography
(4% methanol in dichloromethane) to afford 8-(2-Chloro-phenyl)-6-(4-ethyl-piperazin-1-yl)-2-methyl-9-(tetrahydro-pyran-
4-ylmethyl)-9H-purine (17.6 g). MS (m/z): 455/457 (M+1).

Step 3:

[0084] Stir 8-(2-Chloro-phenyl)-6-(4-ethyl-piperazin-1-yl)-2-methyl-9-(tetrahydro-pyran-4-ylmethyl)-9H-purine (5.23 g,
11.5 mmol) in diethyl ether (45 mL) and add hydrogen chloride (4N in 1,4-dioxane, 2.9 mL, 11.5 mmol) at room temper-
ature. After 2 hours collect the solid obtained by filtration and wash with diethyl ether. Vacuum dry to afford the title
compound (5.4 g) MS (m/z): 455/457 (M+1- HCI).

Example 88:

8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl-piperazin-1-yl)-9-(R)-tetrahydro-furan-3-yl-9H-purine hydrochloride salt

[0085]
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Step 1:

[0086] In a 1 L rbf fitted with reflux condenser, stirring bar and nitrogen inlet, combine 5-amino-4,6-dichloro-2-meth-
ylpyrimidine (20 g, 112.3 mmol), (R)-(tetrahydro-furan-3-yl)amine hydrochloride (20.8 g, 168.5 mmol), triethylamine (45
mL, 325.81 mmol) and isopropyl alcohol (225 mL) and heat to reflux with magnetic stirring. After 4 days stop heating
and allow to cool to room temperature. Remove the solvent under reduced pressure and dissolve the resulting residue
in dichloromethane (300 mL) and wash with water (2 x 150 mL) and brine (150 mL). Dry the organic layer over anhydrous
sodium sulfate, filter and evaporate to afford 6-chloro-2-methyl-N*4*-(R)-tetrahydro-furan-3-yl-pyrimidine-4,5-diamine
(23.1 g). MS (m/z):229/231 (M+1)

Step 2:

[0087] Dissolve 6-chloro-2-methyl-N*4*-(R)-tetrahydro-furan-3-yl-pyrimidine-4,5-diamine (23.1 g, 101 mmol), 2-chlo-
robenzaldehyde (17.0 mL. 151.5 mmol), N-methylpiperizine (12.3 mL, 111.12 mmol) and nitrobenzene (10.3 mL, 101.01
mmol) in Methoxybenzene (300 mL) and heat to 130°C (internal temp) open to air. After 36 hours the mixture was cooled
to room temperature and pour onto a pad of SCX-2 resin (80 g) and elute with methanol (500 mL) followed by 3.5N
ammonia in methanol (500 mL). Remove the solvent from the ammonia in methanol fractions to afford a brown oil and
purify by silica gel chromatography eluting with dichloromethane : methanol 3-20% to afford 8-(2-Chloro-phenyl)-2-
methyl-6-(4-methyl-piperazin-1-yl)-9-(R)-tetrahydro-furan-3-yl-9H-purine as adark 0il (10.1 g). MS (m/z): 413/415 (M+1).

Step 3:

[0088] Dissolve 8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl-piperazin-1-yl)-9-(R)-tetrahydro-furan-3-yl-9H-purine (8.62
g, 20.9 mmol) in diethyl ether (105 mL) and treat with hydrogen chloride (4 N in dioxane, 5.2 mL, 20.88 mmol). Stir the
mixture for 15 hours and collect the solids that are formed by filtration. This gave a free-flowing yellow solid. The majority
of this material was therefore transferred to a round bottomed flask and placed under vacuum to afford the title compound
(7.33 g). MS (m/z): 413/415 (M+1-HCl), [a]p20 = +27° (c=0.256 in dichloromethane).

Example 89:

8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl-piperazin-1-yl)-9-(tetrahydro-pyran-4-yl)-9H-purine phosphate salt.

[0089]
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[0090] In a 300 mL glass pressure reactor, combine 5-amino-4,6-dichloro-2-methylpyrimidine (20.0 g, 97%, 109.0
mmol), 4-aminotetrahydropyran hydrochloride (21.0 g, 152.6 mmol), di-isopropylethylamine (57.0 mL, 326.9 mmol) and
isopropyl alcohol (100 mL). Seal the pressure vessel tightly, start stirring, and adjust the set-point for heat control to 100
°C. Stir the mixture at 100 °C for 24 hours. Cool the reactor contents to 60 °C, vent the vessel of pressure, and add 4-
aminotetrahydropyran hydrochloride (2.25 g, 16.3 mmol). Re-seal the vessel, heatthe contents to an internal temperature
of 100 °C, and stir for an additional 24 hours. Cool the reaction mixture to ambient temperature, vent the reactor of
pressure, and transfer the contents to a recovery flask. Concentrate the mixture under reduced pressure to approximately
1/3 ofits original volume. Add water (200 mL) and ethyl acetate (200 mL) and transfer the resulting mixture to a separatory
funnel. Separate the layers, re-extract the aqueous layer with ethyl acetate (100 mL) and combine all organics. Wash
with water (2 x 100 mL) and brine (100 mL), then dry the organic layer over anhydrous sodium sulfate. Concentrate
under reduced pressure to afford 6-chloro-2-methyl-N*4*-(tetrahydro-2H-pyran-4-yl)-pyrimidine-4,5-diamine as an off-
white solid (25.0 g). MS (m/z): 243/245 (M+1).

Step 1:

Step 2:

[0091] Dissolve 6-chloro-2-methyl-N*4*-(tetrahydro-2H-pyran-4-yl)-pyrimidine-4,5-diamine (24.4 g, 100.4 mmol) in
dimethylacetamide (175 mL) in a 500 mL 3-necked flask under a nitrogen atmosphere. Cool the resulting solution to 0-5
°C. Via addition funnel, add 2-chlorobenzoyl chloride (15.5 mL, 122.4 mmol) over 20 minutes, maintaining the internal
temperature below 10 °C. Rinse the addition funnel with dimethylacetamide (1.0 mL). Allow the resulting mixture to stir
overnight while self-warming to ambient temperature. Charge ice cold de-ionized water (250 mL) to a second 500 mL
flask and then transfer the reaction mixture into the cold water over 20 minutes. Stir the resulting slurry for 2 hours. Filter
the solids, wash with cold water (120 mL)) and vacuum dry overnight at 50 °C to afford 2-chloro-N-(4-chloro-2-methyl-
6-(tetrahydro-2H-pyran-4-ylamino)-pyrimidin-5-yl) benzamide as an off-white solid (33.1 g). MS (m/z): 381/382 (M+1).

Step 3:

[0092] Combine 2-chloro-N-(4-chloro-2-methyl-6-(tetrahydro-2H-pyran-4-ylamino)-pyrimidin-5-yl) benzamide (45.0 g,
118.0 mmol), 1-methylpiperazinc (23.0 mL, 207.0 mmol), di-isopropylethylamine (23.0 mL, 131.9 mmol) and isopropyl
alcohol (225 mL) in a 1 L Parr reactor. Seal the reactor, start stirring, and adjust the set-point for heat control to 160 °C.
After the internal temperature reaches 160 °C, stir the mixture for 24 hours. Cool the reactor contents to 60 °C, vent the
vessel of pressure, and transfer the contents to a 2 L flask equipped with overhead stirring apparatus. Rinse out reactor
flask with isopropyl alcohol (25.0 mL) and combine the rinse with main solution. Add cold, de-ionized water (780 mL) to
the mixture over 30 minutes and stir the resulting precipitate for 30 minutes. Filter the mixture, wash the solids with de-
ionized water (2 x 270 mL) and pull dry on the funnel. Further dry the product overnight at 45 °C to afford the 8-(2-Chloro-
phenyl)-2-methyl-6-(4-methyl-piperazin-1-yl)-9-(tetrahydro pyran-4-yl)-9H-purine as an off-white solid (44.8 g) MS (m/z):
427/429 (M+1).

Step 4:
[0093] Combine 8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl-piperazin-1-yl)-9-(tetrahydro pyran-4-yl)-9H-purine (3.0 g,

7.1 mmol) and absolute ethanol (24 mL) in a 50 mL 3-necked flask set up for reflux. Heat the resulting suspension to
70 °C and add 85% phosphoric acid (0.49 mL, 7.2 mmol) in absolute ethanol (6.0 mL) over 25 minutes. Stir the mixture
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at 70 °C for 45 minutes, cool slowly to ambient temperature and stir for an additional 2 hours. Filter the mixture, rinse
the product cake with absolute ethanol (6 mL) and pull dry. Further dry the product overnight at 55 °C to afford the title
compound as a white crystalline solid (3.6 g). MS (m/z): 427/429 (M+1).

CB, and CB, in vitro functional assays

[0094] Exemplified compounds are tested in agonist mode using a SPA based GTP-y-35S binding assay. All assay
components are prepared in assay buffer made up of 20mM HEPES, 100mM NaCl, 5mM MgCl,, (pH 7.4 at room
temperature). Semi-log compound dilutions are done in assay buffer containing BSA (final 0.125%). GTP-y3%-S binding
is measured in a 96 well format using a whole membrane capture technique for the CB4 assay and modifications of an
antibody capture technique previously described (DelLapp et al. J Pharmacol Exp Ther 289:946-955, 1999) for the CB,
assay. All incubations are done at room temperature.

CB1:

[0095] hCB4-CHO membranes, GDP (1uM final), and saponin (10ug/mL final) are added to assay buffer and homog-
enized. Diluted compounds, GTP-y-35S (500nM final) and membranes are added to the assay plate and incubated for
30 minutes. Then 1mg/well Wheatgerm Agglutinin SPA bead is added, and the plates are sealed, vortexed, and incubated
for an additional hour. Plates are then centrifuged at 700 x g for 10 minutes and counted for 1 minute per well using a
scintillation counter.

CB,-Sf9:

[0096] hCB,-Sf9 membranes and GDP (1uM final) are added to assay buffer and homogenized. Diluted compounds
and membranes are added to the assay plate and preincubated for 15 minutes. This is followed by addition of GTP-y-
353 (500nM final) and another 35 minute incubation. Next a mixture containing Nonidet P40 detergent (0.2% final), anti-
Gi antibody (final dilution of 1:362), and 1.25 mg anti-rabbit antibody scintillation proximity assay beads is added. The
plates are then sealed, vortexed, and incubated for an additional 2 hours before centrifuging and counting as for CB;.
[0097] To analyze data, first subtract background from all wells. Determine percent agonist efficacy by normalizing
agonist/inverse agonist dose response data to a full agonist (methanandamide) response. Analyze the data using a 4-
parameter logistic reduced fit with Activity Base and XLFit3.

[0098] All of the exemplified compounds were tested essentially as described above and each were found to have a
relative EC50 value for CB, of <100 nM.. Example 61 has a relative EC50 value for CB, of 18 nM and for CB, of 1950 nM.
[0099] Thus, the compounds of the present invention show CB, in vitro activity. Further, the compounds of the present
invention show selectivity for CB, over CB4 and so provide limited potential for centrally mediated side effects.

Displacement of 3H-CP55940 from human and rat CB, receptors

[0100] The methods of Felder et al. (Mol. Pharmaocol. 48:443-450, 1995) were utilized with minor modifications.
Specifically, membrane homogenates from cells stably or transiently expressing the human or rat CB, receptor were
washed by centrifugation and diluted into a 50 mM Tris HCI (pH 7.4), 5 mM MgCl,, 2.5 mM EDTA, and 0.1 % BSA buffer.
Specific binding of 3H-CP55940 was defined with 1 nM CP55940. The ability of compounds to displace specific 3H-
CP55940 binding was tested over a range of concentrations in the Tris, MgCl,, EDTA, BSA buffer in the presence of
1% dimethyl sulfoxide by incubating at room temperature for 90 minutes in a volume of 300 wl. Unifilter 96-well microplates
pretreated with 0.5% polyvinylpyrrolidone, 0.1% polysorbate 20 in water were washed three times with cold Tris buffer.
The reaction mixture was then transferred to the filter plate immediately before terminating the incubation by rapid
filtration and three 200 pl washes with cold Tris buffer. After the filter plates dried, microscint 20 was added to each well,
the plate sealed and counted for determination of disintegrations per minute. The displacement curves were graphed
and the resulting Ki values determined utilizing Graphpad Prism.

[0101] Example 76 has a human receptor Ki value of 33.9 nM and a rat receptor Ki value of 31.3 nM.

[0102] Thus, the compounds of the present invention are shown to bind to both human and rat CB, receptors in vitro.

Monoiodoacetate (MIA) model
[0103] For all studies male Lewis rats of approximately 8 weeks of age at the time of MIA injection are used to measure
pain in the MIA model. The rats are housed in groups of 2 or 3 per cage and maintained in a constant temperature and

ona 12 hour light/12 hour dark cycle. Animals have free access to food and water at all times except during data collection.
[0104] In the standard MIA model the right knees of each rat are injected with 0.3mg MIA in 50ul of saline and the left
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knees with 50ul of saline. Pain is measured at varying times after MIA injection (not normally before 10 day post MIA
injection) using incapacitance testing. This measures the difference in hind paw weight bearing between the MIA and
saline injected knees, and each measurement is the average of 3 separate measurements each measured over 1 second.
[0105] For studies with CB, agonists rats are randomized into dose groups (n = 5 or 6) and then dosed once with the
compound under investigation. Dosing is staggered by 15 minutes for each rat and at a predetermined time post-dose
(usually 2 hours), pain measured using incapacitance testing. Studies are routinely run with 4 groups, vehicle (1%
carboxy methyl cellulose in water plus 0.25% polysorbate 80) and 3 compound groups which can be either single
compounds at a single dose or the same compound at 3 doses. Results are reported as the difference in weight bearing
between saline and MIA injected knees and statistical comparisons are made between vehicle treated and compound
treated animals to assess the effect of compounds on knee pain in the model.

[0106] Example 88 was tested essentially as described above and found to significantly reduce pain versus vehicle
at oral doses of 0.3 and 1mg/kg.

[0107] Thus, the compounds of the present invention are shown to be useful in the treatment of pain, in particular joint
pain.

Claims

1. A compound of the formula:

wherein;

R'is selected from H, F, Cl, C4-C, alkyl, CF5, cyclopropyl, OCH3, OCF3 and CN;
R2 is selected from tetrahydrofuranyl, tetrahydropyranyl, azetidine-1-carboxylic acid methyl ester and tetrahy-
drothiophene-1,1-dioxide;

R3is H or combines with R4 to form a fused pyrrolidin-2-one;

R4 is selected from C4-C, alkyl, C4-C,, fluoroalkyl, cyclopropyl and COCHj;

R5 is selected from H, CH; and CF;

nisOor1;

X1 and X3 are independently selected from N, CH and CRS;

X2 is selected from CH and CRS;

with the proviso that only one of X!, X2 and X3 may be other than CH;

R6 is selected from F, Cl, CF3, OCH3 and OCF;

or a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1, or a pharmaceutically acceptable salt thereof, wherein R1 is selected from Cl,
C4-C, alkyl, CF3, cyclopropyl and OCF.

3. A compound according to claim 1 or 2, or a pharmaceutically acceptable salt thereof, wherein R is Cl.
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4. Acompound according to any one of claims 1-3, or a pharmaceutically acceptable salt thereof, wherein R2 s selected
from tetrahydrofuranyl and tetrahydropyranyl.

5. A compound according to any one of claims 1-4, or a pharmaceutically acceptable salt thereof, wherein n is 0.

6. A compound according to any one of claims 1-5, or a pharmaceutically acceptable salt thereof, wherein R3 is H.

7. Acompound according to any one of claims 1-6, or a pharmaceutically acceptable salt thereof, wherein R4 is selected
from C4-C, alkyl, C4-C, fluoroalkyl or cyclopropyl.

8. A compound according to any one of claims 1-7, or a pharmaceutically acceptable salt thereof, wherein R4 is C4-C,
alkyl.

9. A compound according to any one of claims 1-8, or a pharmaceutically acceptable salt thereof, wherein R® is CHs.

10. A compound according to any one of claims 1-9, or a pharmaceutically acceptable salt thereof, wherein X1, X2 and
X3 are independently selected from CH and CR® where R® is selected from Cl, CF5, OCH5 and OCF3.

11. A compound according to any one of claims 1-10, or a pharmaceutically acceptable salt thereof, wherein X', X2 and
X3 are each CH.

12. A compound according to claim 1 selected from 8-(2-Chloro-pyridin-3-yl)-2-methyl-6-(4-methyl-piperazin-1-yl)-
9-(R)-tetrahydro-furan-3-yl-9H-purine; 2-Methyl-6-(4-methyl-piperazin-1-yl)-9-(tetrahydro-pyran-4-yl)-8-(2-trifluor-
omethylphenyl)-9H-purine;  2-Methyl-6-(4-methyl-piperazin-1-yl)-9-(R)-tetrahydro-furan-3-yl-8-(2-trifluoromethyl-
phenyl)-9H-purine; 2-Methyl-6-(4-methyl-piperazin-1-yl)-9-(R)-tetrahydro-furan-3-yl-8-o-tolyl-9H-purine; 8-(2-Chlo-
ro-phenyl)-2-methyl-6-(4-methylpiperazin-1-yl)-9-(S)-tetrahydro-furan-3-yl-9H-purine;  8-(2-Chloro-phenyl)-2-me-
thyl-6-(4-methyl-piperazin-1-yl)-9-(R)-tetrahydro-furan-3-yl-9H-purine;  8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl-
piperazin-1-yl)-9-(tetrahydro-pyran-4-yl)-9H-purine; and 8-(2-Chloro-phenyl)-6-(4-ethyl-piperazin-1-yl)-2-methyl-
9-(tetrahydro-pyran-4-ylmethyl)-9H-purine; or a pharmaceutically acceptable salt thereof.

13. A compound according to claim 1 being 8-(2-Chloro-phenyl)-2-methyl-6-(4-methyl-piperazin-1-yl)-9-(tetrahydro-
pyran-4-yl)-9H-purine; or a pharmaceutically acceptable salt thereof.

14. A pharmaceutical composition comprising a compound according to any one of claims 1-13, or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable diluent or carrier.

15. A compound according to any one of claim 1-13, or a pharmaceutically acceptable salt thereof, for use in therapy.

16. A compound according to any one of claim 1-13, or a pharmaceutically acceptable salt thereof, for use in the
treatment of pain.

17. A compound according to claim 16, or a pharmaceutically acceptable salt thereof, for use in the treatment of oste-
oarthritic pain.

Patentanspriiche

1. Verbindung der folgenden Formel:

48



10

15

20

25

30

35

40

45

50

55

10.

EP 2 379 555 B1

worin

R'aus H, F, Cl, C4-Cx-Alkyl, CF5, Cyclopropyl, OCH5;, OCF5 und CN ausgewahilt ist;
R2 aus Tetrahydrofuranyl, Tetrahydropyranyl, Azetidin-1-carbonséauremethylester und Tetrahydrothiophen-1,1-
dioxid ausgewahlt ist,

R3 fur H steht oder unter Kombination mit R4 ein ankondensiertes Pyrrolidin-2-on bildet,
R4 aus C4-C,-Alkyl, C4-Co-Fluoralkyl, Cyclopropyl und COCH, ausgewahlt ist,

R5 aus H, CH;5 und CF4 ausgewahlt ist,

n fur 0 oder 1 steht,

X1 und X3 unabhéngig aus N, CH und CR® ausgewéhlt sind,

X2 aus CH und CR® ausgewahlt ist,

wobei gilt, dass lediglich einer der Reste X', X2 und X3 von CH verschieden sein kann,
R6 aus F, Cl, CF3, OCH3 und OCF5 ausgewahlt ist,

oder ein pharmazeutisch akzeptables Salz hiervon.

Verbindung nach Anspruch 1, oder ein pharmazeutisch akzeptables Salz hiervon, worin R aus ClI, C4-C,-Alkyl,
CF3, Cylclopropyl und OCF5 ausgewahlt ist.

Verbindung nach Anspruch 1 oder 2, oder ein pharmazeutisch akzeptables Salz hiervon, worin R fir Cl steht.

Verbindung nach einem der Anspriiche 1 bis 3 oder ein pharmazeutisch akzeptables Salz hiervon, worin R2 aus
Tetrahydrofuranyl und Tetrahydropyranyl ausgewahlt ist.

Verbindung nach einem der Anspriiche 1 bis 4 oder ein pharmazeutisch akzeptables Salz hiervon, worin n fir 0 steht.

Verbindung nach einem der Anspriiche 1 bis 5 oder ein pharmazeutisch akzeptables Salz hiervon, worin R3 fiir H
steht.

Verbindung nach einem der Anspriiche 1 bis 6 oder ein pharmazeutisch akzeptables Salz hiervon, worin R4 aus
C4-C-Alkyl, C4-Cy-Fluoralkyl oder Cyclopropyl ausgewahlt ist.

Verbindung nach einem der Anspriiche 1 bis 7 oder ein pharmazeutisch akzeptables Salz hiervon, worin R4 fiir
C4-Co-Alkyl steht.

Verbindung nach einem der Anspriche 1 bis 8 oder ein pharmazeutisch akzeptables Salz hiervon, worin R5 fir CH;
steht.

Verbindung nach einem der Anspriiche 1 bis 9 oder ein pharmazeutisch akzeptables Salz hiervon, worin X1, X2 und
X3 unabhangig aus CH und CR8 ausgewahlt sind, wobei R8 aus CI, CF3, OCH3 und OCF5 ausgewéhlt ist.

49



10

15

20

25

30

35

40

45

50

55

1.

12.

13.

14.

15.

16.

17.

EP 2 379 555 B1

Verbindung nach einem der Anspriiche 1 bis 10 oder ein pharmazeutisch akzeptables Salz hiervon, worin X1, X2
und X3 jeweils fiir CH stehen.

Verbindung nach Anspruch 1, ausgewahlt aus 8-(2-Chlor-pyridin-3-yl)-2-methyl-6-(4-methyl-piperazin-1-yl)-
9-(R)-tetrahydro-furan-3-yl-9H-purin;  2-Methyl-6-(4-methyl-piperazin-1-yl)-9-(tetrahydro-pyran-4-yl)-8-(2-trifluor-
methyl-phenyl)-9H-purin; 2-Methyl-6-(4-methyl-piperazin-1-yl)-9-(R)-tetrahydro-furan-3-yl-8-(2-trifluormethyl-phe-
nyl)-9H-purin; 2-Methyl-6-(4-methyl-piperazin-1-yl)-9-(R)-tetrahydro-furan-3-yl-8-o-tolyl-9H-purin; 8-(2-Chlor-phe-
nyl)-2-methyl-6-(4-methyl-piperazin-1-yl)-9-(S)-tetrahydro-furan-3-yl-9H-purin;  8-(2-Chlor-phenyl)-2-methyl-6-(4-
methyl-piperazin-1-yl)-9-(R)-tetrahydro-furan-3-yl-9H-purin; 8-(2-Chlor-phenyl)-2-methyl-6-(4-methyl-piperazin-1-
yl)-9-(tetrahydro-pyran-4-yl)-9H-purin und 8-(2-Chlor-phenyl)-6-(4-ethyl-piperazin-1-yl)-2-methyl-9-(tetrahydro-py-
ran-4-ylmethyl)-9H-purin oder einem pharmazeutisch akzeptablen Salz hiervon.

Verbindung nach Anspruch 1, namlich 8-(2-Chlor-phenyl)-2-methyl-6-(4-methyl-piperazin-1-yl)-9-(tetrahydro-pyran-
4-y)-9H-purin oder ein pharmazeutisch akzeptables Salz hiervon.

Pharmazeutische Zusammensetzung, die eine Verbindung nach einem der Anspriiche 1 bis 13 oder ein pharma-
zeutisch akzeptables Salz hiervon und ein pharmazeutisch akzeptables Verdiinnungsmittel oder einen pharmazeu-
tisch akzeptablen Trager umfasst.

Verbindung nach einem der Anspriiche 1 bis 13 oder ein pharmazeutisch akzeptables Salz hiervon zur Verwendung
in einer Therapie.

Verbindung nach einem der Anspriiche 1 bis 13 oder ein pharmazeutisch akzeptables Salz hiervon zur Verwendung
bei der Behandlung von Schmerz.

Verbindung nach Anspruch 16 oder ein pharmazeutisch akzeptables Salz hiervon zur Verwendung bei der Behand-
lung von Osteoarthroseschmerz.

Revendications

1.

Composé de formule :

dans lequel

R est choisi parmi H, F, Cl, alkyle en C4 a C,, CF3, cyclopropyle, OCH5, OCF5 et CN ;

R2 est choisi parmi tétrahydrofuranyle, tétrahydropyranyle, ester méthylique d’acide azétidine-1-acétique et
tétrahydrothiophéne-1,1-dioxyde ;

R3 est H ou se lie & R4 pour former une pyrrolidin-2-one fusionnée ;

R4 est choisi parmi alkyle en C a C,, fluoroalkyle en C; & C,, cyclopropyle et COCHj ;
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10.

1.

12.

13.

14.

15.

16.

EP 2 379 555 B1

R5 est choisi parmi H, CH; et CF5 ;

nvautOou1;

X1 et X3 sont indépendamment choisis parmi N, CH et CR? ;

X2 est choisi parmi CH et CR® ;

a condition que seul un de X1, X2 et X3 puisse étre différent de CH ;
R6 est choisi parmi F, Cl, CF5, OCH5 et OCFy ;

ou son sel pharmaceutiquement acceptable.

Composé selon la revendication 1, ou son sel pharmaceutiquement acceptable, dans lequel R est choisi parmi Cl,
alkyle en C4 a C,, CF3, cyclopropyle et OCF.

Composé selon la revendication 1 ou 2, ou son sel pharmaceutiquement acceptable, dans lequel R? est CI.

Composé selon I'une quelconque des revendications 1 a 3, ou son sel pharmaceutiquement acceptable, dans lequel
R2 est choisi parmi tétrahydrofuranyle et tétrahydropyranyle.

Composé selon I'une quelconque des revendications 1 a4, ou son sel pharmaceutiquement acceptable, dans lequel
n vaut 0.

Composé selon I'une quelconque des revendications 1 a 5, ou son sel pharmaceutiquement acceptable, dans lequel
R3 est H.

Composé selon I'une quelconque des revendications 1 a 6, ou son sel pharmaceutiquement acceptable, dans lequel
R4 est choisi parmi alkyle en C a C,, fluoroalkyle en C; a C, ou cyclopropyle.

Composé selon I'une quelconque des revendications 1 a 7, ou son sel pharmaceutiquement acceptable, dans lequel
R4 est alkyle en C; a C,.

Composé selon I'une quelconque des revendications 1 a 8, ou son sel pharmaceutiquement acceptable, dans lequel
R5 est CHj.

Composé selon I'une quelconque des revendications 1 a9, ou son sel pharmaceutiquement acceptable, dans lequel
X1, X2 et X3 sont indépendamment choisis parmi CH et CR®, ou R® est choisi parmi Cl, CF5, OCH3 et OCFj.

Composé selon I'une quelconque des revendications 1 a 10, ou son sel pharmaceutiquement acceptable, dans
lequel X1, X2 et X3 sont chacun CH.

Composé selon la revendication 1, choisi parmi la 8-(2-Chloro-pyridin-3-yl)-2-méthyl-6-(4-méthyl-pipérazin-1-yl)-
9-(R)-tétrahydro-furan-3-yl-9H-purine ; la 2-Méthyl-6-(4-méthyl-pipérazin-1-yl)-9-(tétrahydro-pyran-4-yl)-8-(2-tri-
fluorométhyl-phényl)-9H-purine ; la 2-Méthyl-6-(4-méthyl-pipérazin-1-yl)-9-(R)-tétrahydro-furan-3-yl-8-(2-trifluoro-
méthyl-phényl)-9H-purine ; la 2-Méthyl-6-(4-méthyl-pipérazin-1-yl)-9-(R)-tétrahydro-furan-3-yl-8-o-tolyl-9H-purine ;
la 8-(2-Chloro-phényl)-2-méthyl-6-(4-méthyl-pipérazin-1-yl)-9-(S)-tétrahydro-furan-3-yl-9H-purine ; la 8-(2-Chloro-
phényl)-2-méthyl-6-(4-méthyl-pipérazin-1-yl)-9-(R)-tétrahydro-furan-3-yl-OH-purine ; la 8-(2-Chloro-phényl)-2-mé-
thyl-6-(4-méthyl-pipérazin-1-yl)-9-(tétrahydro-pyran-4-yl)-9H-purine ; et la 8-(2-Chloro-phényl)-6-(4-éthyl-pipérazin-
1-yl)-2-méthyl-9-(tétrahydro-pyran-4-ylméthyl)-9H-purine ; ou son sel pharmaceutiquement acceptable.

Compose selon la revendication 1, étant la 8-(2-Chloro-phényl)-2-méthyl-6-(4-méthyl-pipérazin-1-yl)-9-(tétrahydro-
pyran-4-yl)-9H-purine ; ou son sel pharmaceutiquement acceptable.

Composition pharmaceutique comprenant un composé selon 'une quelconque des revendications 1 a 13, ou son
sel pharmaceutiquement acceptable, et un diluant ou support pharmaceutiquement acceptable.

Composé selon I'une quelconque des revendications 1 a 13, ou son sel pharmaceutiquement acceptable, pour une
utilisation thérapeutique.

Composé selon I'une quelconque des revendications 1 a 13, ou son sel pharmaceutiquement acceptable, pour une
utilisation dans le traitement de la douleur.
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17. Composé selon la revendication 16, ou son sel pharmaceutiquement acceptable, pour une utilisation dans le trai-

tement de la douleur ostéoarthritique.
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